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1 Channel modelling methodology
1.1 RAN4 AH1807 agreements

· RAN4 AH1807: R4-1809504 “NR Test Methods SI ad-hoc meeting notes” 

	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


1.2 Contribution list
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1809835
	TP to TR 38.810 on the remaining details of channel modelling methodology
	Intel Corporation
	pCR
	Approval
	10.1.3
	available

	R4-1810871
	Discussion on CA channel bandwidth for channel modelling
	Rohde & Schwarz
	discussion
	Approval
	10.1.3
	reserved

	R4-1811323
	On fading correlation for carrier aggregation
	Keysight Technologies UK Ltd
	discussion
	Approval
	10.1.3
	reserved

	R4-1810067
	Channel emulation complexity for NR performance requirements
	ANRITSU LTD
	discussion
	
	10.1.5
	available


1.3 Summary of proposals
	Company / Tdoc
	Summary

	Intel 
(R4-1809835)
	Proposal #1: FR2 measurement system shall support modelling of correlated multi-path fading for different carriers for intra-band contiguous CA scenarios with ≤ [200] MHz aggregated BW

	Anritsu

(R4-1810067)
	2.
Key parameters 

From Test system viewpoint, we see the following as the key parameters related to complexity, and suggest values as below:

· Maximum Channel Bandwidth in one carrier: 400MHz

· Carrier aggregation: Maximum 8CCs

· Maximum total number of faded paths: 64

· Maximum number of taps for each faded path: 12, as agreed in R4-1809398 [1]

· Maximum number of transmitters: 8Tx

· Maximum number of UE Rx antennas: 4Rx for FR1 (connected), 2Rx for FR2 (over-the-air)

Notes:

1 faded path corresponds to 1 CC with I and Q components, from 1TX antenna to 1RX antenna

The number of transmitters is internal to the test equipment, and represents the inputs to the faded paths.

The values given above can be reasonably implemented within a conformance test system. Larger configurations are not precluded, but will result in a significant increase in complexity. 

3.
Way Forward

We suggest that RAN4 take these values into account when setting demodulation and CSI requirements.


1.4 Discussion

1.4.1 Channel models emulation for NR FR2 intra-band CA case
· 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 [X]. 

· Option 2A: X = 200 MHz

Discussion: 

R&S: Prefer Option 1

Spirent: Implementations for single CC and CA could be different. 1x200MHz and 2x100MHz scenarios are almost equivalent.

Keysight: Propose correlated fading for intra-band contiguous CA case and uncorrelated fading for non-contiguous CA case

QC: In FR2 we can have 0 GB for intra-band contiguous CA case.

Huawei: Doppler is a function of frequency


QC: We mean that channel is correlated in different CCs

R&S: It is a matter of TE architecture and not only the aggregated CA BW.
Anritsu: Prefer Option 1

QC: We want to emulate ontiguous channel across different carriers

Agreements: 
· Channel models emulation for NR FR2 intra-band CA case: 
· No consensus to support correlated fading for different carriers in the scope of NR Test methods SI
· Discussion can continue as a part of Rel-15 NR WI UE performance requirements work
1.4.2 Channel models emulation complexity restrictions
· Whether channel models emulation complexity restrictions shall be handled in the scope of NR Test Methods or NE UE Demodulation requirements?

· Option 1: Decide on channel model emulation restrictions as a part of NR Test Methods SI
· Option 2: Decide on channel model emulation restrictions as a part of NR UE Demodulation requirements
· Channel models emulation complexity restrictions for Rel-15 UE demodulation requirements

· Option 1 (Anritsu):

· Maximum Channel Bandwidth in one carrier: 400MHz

· Carrier aggregation: Maximum 8CCs

· Maximum total number of faded paths: 64

· Maximum number of taps for each faded path: 12, as agreed in R4-1809398 [1]

· Maximum number of transmitters: 8Tx

· Maximum number of UE Rx antennas: 4Rx for FR1 (connected), 2Rx for FR2 (over-the-air)

Agreements:

Decide on channel model emulation restrictions in terms of number of fader as a part of NR UE Demodulation requirements
2 UE Demodulation testing methodology
2.1 RAN4 AH1807 agreements

R4-1809505 “WF on remaining open issues for UE Demodulation setup”:
	SNR Reference point

· Agreement from the Ad-hoc:
· 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
· Proposal:
· SNR Reference point: 
· For Near-Field setup:
· The reference point for SNR is defined as the intersection of the axes of rotation of the positioning system(s).
· For Far-Field (Direct or Indirect) setup:
· The reference point for SNR is defined as the geometrical center of the QZ.
· How to calculate the SNR at the reference point for a wanted SNR at the BB of the UE:
· RAN4 defines a methodology how to calculate the SNR set by the TE at the reference point for a wanted BB SNR
· How to capture the methodology and corresponding SNR value in the specification is FFS
SNR Accuracy and Range

· Agreement from the Ad-hoc for RRM:
· 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)
· Proposals:
· In RAN4#88: Identify approximate SNR upper bound to allow RAN4 demod experts to make a prioritization of test cases
· TE Vendors to bring proposals on the max feasible SNR value
· RAN4 UE Demodulation and CSI requirements can be defined for any SNR range
· In case the required SNR is larger than the SNR upper bound, the corresponding requirement can currently not be tested
Initial MU assessment

· Background:
· Identification of MU factors contributing to DL SNR accuracy and range (open issue according to R4-1808541)
· Proposal:
· Following parameters have been identified:
· gNB emulator SNR uncertainty
· gNB emulator DL EVM
· gNB emulator Fading model impairments
· RF leakage from measurement antenna to receiver 
· The identified parameters shall be captured in TR 38.810. Exact values are to be defined by RAN5. 
· Anritsu TP R4-1809511 will capture the proposal.
Other identified open issues

· How to capture different test system applicability in the TR (NF, DFF, IFF)
· Applicability for NF, DFF and IFF to be captured in the TR 38.810
· Proposal:
· Exact wording to be captured in the revised Keysight TP R4-1809512
· FR1 link to the UE in case of CA between FR1 and FR2
· Similar as for NSA, the system needs to be able to provide a FR1 Link to the UE in case of CA between FR1 and FR2.
· Proposal:
· Measurement system shall be able to provide an uncalibrated, noise-free link for NR FR1 signals to the DUT. 
· No performance verification for joint CA between FR1 + FR2.
· Noise-free scenarios support
· For some TCs like SDR the emulation of test condition without additional AWGN is necessary
· Proposal:
· UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions.
· TE Tx EVM
· Proposal:
· Reuse the same approach as for LTE. Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements 
· Tx EVM is defined at the reference point (see slide 2)
· Next step is to identify feasible power levels for the TE


2.2 Contribution list
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1809772
	Specification and SNR range for Demodulation requirements
	Anritsu, Rohde & Schwarz, Keysight
	discussion
	 
	10.1.5
	available

	R4-1809773
	MU factors contributing to DL SNR for demodulation and CSI
	ANRITSU LTD
	other
	 
	10.1.5
	available

	R4-1809833
	Views on the remaining details of the NR FR2 UE Demodulation and CSI testing methodology
	Intel Corporation
	discussion
	Discussion
	10.1.5
	available

	R4-1809837
	TP to TR 38.810 on the remaining details of NR FR2 UE Demodulation and CSI testing methodology
	Intel Corporation
	pCR
	Approval
	10.1.5
	available

	R4-1810790
	SNR control at reference point for Demodulation testing
	Qualcomm Incorporated
	discussion
	Approval
	10.1.5
	available

	R4-1811156
	Provisional CR to TS 38.810: Updates to IFF uncertainty assessment for T-put test with defined SNR at reference point
	Keysight Technologies UK Ltd
	pCR
	Endorsement
	10.1.5
	available

	R4-1810555
	Discussion on test condition mapping from the reference point to UE BB
	OPPO
	discussion
	Approval
	10.1.4
	available


2.3 Summary of proposals
	Company / Tdoc
	Summary

	Anritsu, Rohde & Schwarz, Keysight 
(R4-1809772)
	Proposal 1: Demodulation and CSI requirements are specified at the Reference Point

Proposal 2: An SNR of X dB specified in TS 38.101-4 corresponds to a simulation with (x-1)dB SNR at the UE baseband

Proposal 3: Noc is specified in TS 38.101-4 as -153dBm/Hz

Proposal 4: Requirements in TS 38.101-4 are specified with the downlink signal and noise aligned to the Rx beam peak

Predicted SNR upper bound

Direct near field (DNF)

Direct far field (DFF)

Indirect far field (IFF)

Max SNR, 100MHz Ch BW

[19.7dB]

[16.5dB]

[17.0dB]

Max SNR, 200MHz Ch BW

[16.7dB]

[13.5dB]

[13.9dB]



	Anritsu

(R4-1809773)
	For imperfections in the gNB emulator fading model, it is expected that the fading will be implemented in the conducted part of the test system, in a similar way to that done for LTE. We therefore propose the same value of +/-0.5dB, as specified in Annex F of the RAN5 Test Specification TS 36.521-1 [3].

For the Indirect far field setup, originally there was an additional uncertainty contribution arising from RF leakage from measurement antenna to receiver (signal that reaches the UE directly without going through the reflector). But this would be the same for both the wanted signal and the wanted AWGN, so the SNR would not be changed. This uncertainty contribution is therefore removed.

	Intel

(R4-1809833,
R4-1809837)
	Proposal #1:
The minimum UE demodulation and CSI reporting requirements in the TS 38.101-4 are defined with respect to the SNR observed at the UE baseband (SNRBB).
Proposal #2:
The measurement system shall adjust the reference point SNR (SNRRP) to achieve target baseband SNRBB using one of the two approaches

· Method 1: Recalculate the reference point SNR (SNRRP) from the SNRBB taking into account the test parameters, measurement system characteristics and the worst case UE design assumptions

SNRRP = SNRBB (1 + A) / (1-A*SNRBB)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)

· Method 2: Perform SNR calibration procedure using the SS-SINR or CSI-SINR reporting from the UE side in order to adjust the SNRRP to achieve the target SNRBB
Proposal #3:
The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ [400] MHz.
Proposal #4:
Do not specify feasible power levels for the TE

Proposal #5:
Further discuss feasibility of LTE and NR FR1 performance verification in Rel-16 scope

	Qualcomm 
(R4-1810790)
	Observation 1: To make sure the emulated SNR by the test system within SNR error of 1 dB, the Rx noise level at BB should be at least 5.9dB (around to 6dB) higher than UE noise floor in dB value.

Observation 2: To achieve 30dB target SNR with error<1dB, with the assumptions of 1GHz bandwidth on 39GHz, the maximum available signal Tx power level from TE antenna would be more than 22.4dBm.

Observation 3: The lower target SNR or smaller bandwidth would lead to smaller signal Tx power level at TE.

Proposal 1: Use the UE assumptions in Table 1 to calculate the SNR range for demodulation testing.

Proposal 2: When define a methodology how to calculate the SNR set by the TE, the worst testing case such as higher carrier frequency, far-field distance, larger bandwidth and target SNR of 256QAM should be considered.

Proposal 3: The procedure of how to obtain the minimal Tx signal power level at TE provided in this paper should be captured in TR38810.

Proposal 4: Option 1 is preferred for SNR control in demodulation testing cases. Capture the Option 1 and/or Option 2 and corresponding SNR value in TR38.810 based on the feedback from TE vendors on the TE feasibility and how to constrain the Tx power.  



	Keysight 
(R4-1811156)
	Uncertainty value for RF leakage from measurement antenna to receiver for IFF in uncertainty assessment for T-put test with defined SNR at reference point remains FFS.

Taking into account that the definition of this measurement error contribution is the same as the one used for EIS, it is proposed to use exactly the same value (0.10dB)

	OPPO
(R4-1810555)
	Observation 1: In LTE, similar problems also exist, i.e. the test condition setting in antenna connector is different from UE BB measurement.

Observation 2: In LTE, calibration was used to compensate the power level differences caused by RF gain and IL between the reference test point and BB interface.

Observation 3: Beam based calibration could be used to compensate the power level differences caused by RF and antenna gain/IL between the reference test point and BB interface.

Observation 4: Testing need to guarantee the whole UE performance and should be independent of UE implementations. Test system only need to guarantee the test condition at the reference point in the chamber.

Proposal: Test system only need to guarantee the test condition at the reference point in the chamber and does not need to consider the gains/ILs caused by UE antennas and RF.


2.4 Discussion

2.4.1 SNR definition

· SNR definition for minimum UE Demodulation and CSI requirements in TS 38.101-4
· Option 1: Demodulation and CSI requirements are specified for SNR at the Reference Point (Anritsu, Keysight, R&S, QC)

· Option 2: Demodulation and CSI requirements are specified for SNR at the UE baseband (Intel)




Discussion: 

QC: support Option 1
Anritsu: TE can control SNR at the reference point only

Chair: If Demod room identified the SNR = 10 dB then which SNR shall be specify in 38.101-4


R&S: We need to specify “10 dB – x dB”. X is based on Anritsu paper


QC: same understanding. We also need to specify noise level and signal level


Anritsu: similar to LTE we need to specify noise power level


Anritsu: X is a fixed value.


Chair: Using fixed X = 1 dB for low SNR will introduce unnecessary bias 


QC: going with a single value is a simple way


Anritsu: in the future we can improve the SNR range but not going to change X = 1 dB va;ies

· Whether TE needs to compensate for SNR mismatch between reference point and BB interface
· Option 1 (OPPO): Beam based calibration could be used to compensate the power level differences caused by RF and antenna gain/IL between the reference test point and BB interface. Test system only need to guarantee the test condition at the reference point in the chamber and does not need to consider the gains/ILs caused by UE antennas and RF. (OPPO)

· Option 2: SNR mismatch is compensated by measurement system




Discussion: 

OPPO: our proposal is related to the power level and not SNR



Keysight: There is no need for compensation in baseband

KTL: Is it possible to consider field strength at the reference point?

R&S: the question is whether test system should consider SNRRP = SNRBB?

QC: The idea is to specify mapping taking into account common implementation

· How to constrain the Tx power for TE and which parameters to control
· Option 1: Fixed Noise power. Noc is specified in TS 38.101-4 as -153dBm/Hz. Adjust desired signal power to control SNR (Anritsu)
· Option 2: Fix the signal power as the maximum available Tx power from TE antenna, then control the level of artificial noise for different target SNR. (Qualcomm)
· Option 3: Control the SNR and artificial noise dynamically with total power constrain for different target SNR. (Qualcomm, Intel)
· Option 4: Define minimum Noc power level which shall be emulated by TE to guarantee that BB SNR mismatch is below certain threshold. Do not specify further assumptions on how TE control the absolute power levels of desired and noise signals.



Discussion: 

R&S: Option 2 depends on the TE implementation

QC: We need a minimum noise power level in SNR to guarantee that BB SNR mismatch is less than 1 dB. 

Anritsu: Option 2 depends on TE

QC: we were considering there are some issues with dynamic range at the TE

Huawei: what matters is the SNR. Absolute power values may not matter that much. For Option 2 – it is better to rephrase and not consider the maximum available power.

QC: we are ok to remove option 2 

Chair: What happens if we have signal + interference?



R&S, Anritsu: same methodology can be applied and we can control noise level.



Keysight: need revision of the SNR range for this case

· Methodology to calculate Reference point SNR (SNRRP) from UE Baseband SNR (SNRBB)
· Option 1: SNRRP = SNRBB + 1dB (Anritsu, R&S, Keysight)
· Option 2: Recalculate SNRRP from the SNRBB taking into account the test parameters, measurement system characteristics and the UE design assumptions (Intel)

SNRRP = SNRBB (1 + A) / (1-A*SNRBB)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)

· Option 3: Perform SNR calibration procedure using the SS-SINR or CSI-SINR reporting from the UE side in order to adjust the SNRRP to achieve the target SNRBB  (Intel)

· Option 4: Capture the procedure of how to obtain the minimal Tx signal power level under 1 dB maximum SNR error assumption (Qualcomm)

· Calculate the minimal Rx noise power level with the metric of 5.9dB (around 6dB) higher than noise floor level under the specific UE noise figure assumption.

· Calculate the minimal Tx noise power level considering the specific bandwidth, UE receive antenna array gain and UE receiver implementation loss.

· Calculate the minimal Tx signal power level with the upper bound of target SNR, e.g. 30dB for 256QAM, 24dB for 64QAM.




Discussion: 

Chair: Is option 1 applicable for other device types (e.g. with different NF or different antenna gains) which can be introduced in the future?



R&S: alternatively we may not put any compensation of mismatch and UE needs to handle it

QC: We can do recalculation of the noise level (i.e. increase min noise level in case new UE has worse characteristics)

Anritsu: for other devices the requirements will be different
· Assumptions for calculation of the SNR set by the TE

· When define a methodology how to calculate the SNR set by the TE, the worst testing case such as higher carrier frequency, far-field distance, larger bandwidth and target SNR of 256QAM should be considered. (Qualcomm)
· Use UE assumptions in table below (Qualcomm, Intel)
	
	28GHz
	39GHz
	

	UE Antenna Gain (G_UE)
	8.5
	9.5
	dBi

	UE Noise Figure (F_UE) 
	12.0
	14.0
	dB

	UE Implementation loss (IL_UE)
	4.5
	5
	dB

	Nktb
	-174
	-174
	dBm/Hz


· UE RX beam peak assumptions for UE demodulation requirements
· Option 1: Requirements in TS 38.101-4 are specified with the downlink signal and noise aligned to the Rx beam peak
· Maximum feasible DL SNR level

· Option 1 (Anritsu, R&S, Keysight) 

	
	Direct near field (DNF)
	Direct far field (DFF)
	Indirect far field (IFF)

	Max SNR, 100MHz Ch BW
	[19.7dB]
	[16.5dB]
	[17.0dB]

	Max SNR, 200MHz Ch BW
	[16.7dB]
	[13.5dB]
	[13.9dB]


· Option 2 (Intel): The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ [400] MHz.



Discussion: 


R&S: These values are derived under assumption of different UE implementation assumptions

Anritsu: Figures in 38.810 are derived based on EIS UE implementation assumptions. The numbers from QC are different.  

QC: suggest to clarify that these are current restrictions

Conclusions:

Anritsu will prepare a WF. The agreements will be captured in the TP based on the WF.
· Questions to be addressed in the WF: 

· Which requirements shall be specified in 38.101-4
· Methodology to calculate Reference point SNR (SNRRP) from UE Baseband SNR (SNRBB)

· Assumptions on UE parameters for calculation of the SNR and noise level

· Maximum feasible DL SNR level

· Minimum Noc power level which shall be emulated by TE
Agreement

Assumption on UE design to be used to derive the minimum noise signal power level for Rel-15  UE demodulation testing 

	UE Antenna Gain (G_UE)
	8
	dBi

	UE Noise Figure (F_UE) 
	12
	dB

	UE Implementation loss (IL_UE)
	11
	dB

	Nktb
	-174
	dBm/Hz


· Note 1: the values are based on the worst case UE assumptions for EIS defined in R4-1804589 for 39GHz band 
· Note 2: the values can be revised for other device types/categories in Rel-15 or future releases

2.4.2 MU assessment for DL SNR

· gNB emulator fading MU 

· Option 1: 0.5dB (Anritsu)
Discussion: 
R&S: Channel model is not defined yet. Not comfortable to put 0.5 dB. Shall put value in brackets.

Keysight: The value should be increased for FR2. Do not have proposal on the exact values. We can move it to RAN5.

CATR: Last meeting we agreed that we need to decide on the value in this meeting.

R&S: Ok to have [0.5] dB + put a note that the value is same as for LTE and may need to be further checked in case new models supported.
Agreements:

· gNB emulator fading MU: Capture [0.5] dB MU in the TR. Capture a note that the value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment.
· IFF RF measurement antenna leakage 

· Option 1: Remove (Anritsu)
· Option 2: 0.1dB (Keysight)
Agreements:

· Remove “IFF RF measurement antenna leakage” MU element 

2.4.3 Other questions
· Feasible TE power levels to ensure target EVM 

· Option 1: Do not specify feasible power levels for the TE (Intel)
Discussion: 
Keysight: we can not achieve target EVM for all power levels. Let RAN5 do analysis whether the target EVM can be reached. The UE performance requirements based on simulations can be defined for 6% TX EVM. 
Huawei: the question is how to measure the EVM. Higher power level is better.

Agreements:

· TX EVM

· Update RAN4 AH 1807 agreements as follows

· Measurement system shall support TX EVM of the desired signal not worse than [6%] for QPSK/16QAM/64QAM performance requirements.
· Do not define the reference point for the TX EVM of the desired signal
· LTE and NR FR1 performance verification 

· Option 1: Further discuss feasibility of LTE and NR FR1 performance verification in Rel-16 scope (Intel)
3 RRM testing methodology
3.1 RAN4 AH1807 agreements

R4-1809506 “WF on remaining open issues for UE RRM setup”:
	Test parameters, metrics and feasibility

· Test parameters (incl. SNR) and metrics defined at reference point (R4-1809509).
· Reference point for UE RRM baseline setup based on DFF is the center of QZ (R4-1809509).
· Test parameters and metrics as above feasible from TS perspective.
· 180° angular offset removed from RRM baseline setup definition (R4-1809509).
· For single active probe scenarios, in case that step change of AoA is required, the setup shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120° and 150° (R4-1809509). 
· 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 (R4-1809509).
· Appropriate timing and relative timing test parameters and RRM metrics (at the required AoAs) shall be provided by the test system within declared uncertainties (R4-1809509).
Power, SNR and AWGN

· DL Power accuracy/range

· Feasibility is closely related to the test case definition. As such no further activity expected within the SI.

· SNR accurcy/range still to be discussed.
· Capture in the TR the relationship between the SNR at the reference point and the SNR seen by the DUT at the BB. ( AP R4#88
· Capture in the TR SNR range which can be emulated by the test system with an max difference between SNR at reference point and SNR at UE BB of [1] dB. This value is not expected to be used as MU value. ( AP R4#88
· AWGN
· According to the present RRM baseline setup definition AWGN can be transmitted from one/both active probes. Test description will define the exact signal/noise/SNR level per TRxP at the reference point. 
· „Quasi“ spatially white AWGN need and feasibility (considering the TS complexity) still to be discussed.
· Input from UE vendors on requirements which need such noise ( AP R4#88
· Input from TS vendors on implementation feasibility (considering the TS complexity) ( AP R4#88
· If no conclusion, not supported for Rel-15 RRM requirements ( AP R4#88
MUs

· For UE RRM baseline setup based on DFF, RAN4 will identify and assess the key MU elements only for DL Power and SNR for 1 Cell from 1 AoA (R4-1809508).
· DL Power for 1 Cell from 1 AoA
· Same MU as UE RF DFF, with revised values Quality of QZ MU
· DL SNR for 1 Cell from 1 AoA
· Assume Signal and Noise transmission from the same antenna
· MU Elements: gNB emulator SNR uncertainty / DL EVM / Fading model impairments
· MU Values ( AP R4#88
· The remaining MU elements idenfication and assessment to be handled in RAN5.
Test coverage and methods

· As per current status of UE RRM baseline setup in TR 38.810
·  No NR FR2 RRM test coverage for UE Antenna Configuration 3
· Analysing the reuse of UE DEM baseline setup based on NF for RRM testing is out of the scope of SI
·  Respective FFS removed from TR and no further activity expected within the SI (R4-1809509).
· UE RRM baseline setup based on IFF ( AP R4#88
· For the RRM baseline setup based on IFF methodology to be included in the TR, the definitions, applicability statements, procedures and MU elements (similar to DFF) are required.
Other aspects

· The test procedure for RRM RSRP/RSRQ measurements shall be discussed as a part of RRM performance requirements and test case definition. It is FFS how to resolve the ambiguity that TS emulates EPRE and SNR/SINR at the reference point and is not aware of the DUT Antenna gain and IL which are taken into account in RSRP/RSRQ reported by DUT. This needs also to be handled as part of performance requirement definition. No further activity expected within the SI.

· FR1-FR2 / FR2 Inter-RAT test coverage ( AP R4#88
· As per current UE RRM baseline setup definition: OTA LTE link for NSA described as „stable LTE signal without precise propagation modelling or path loss control between it and the DUT”.


· As per current UE RRM baseline setup definition: no OTA NR FR1 link, but similar as for LTE expected.
· Polarization aspects ( AP R4#88
· Polarization dependency of requirements on and how this is handled by the TS


3.2 Contribution list
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1809774
	MU factors contributing to DL SNR in RRM Test cases
	ANRITSU LTD
	other
	 
	10.1.4
	available

	R4-1809832
	Views on the remaining details of the NR FR2 RRM testing methodology
	Intel Corporation
	discussion
	Discussion
	10.1.4
	available

	R4-1809836
	TP to TR 38.810 on the remaining details of NR RRM testing methodology
	Intel Corporation
	pCR
	Approval
	10.1.4
	available

	R4-1810555
	Discussion on test condition mapping from the reference point to UE BB
	OPPO
	discussion
	Approval
	10.1.4
	available

	R4-1810563
	Testing Methodology for FR2 RRM Tests
	Qualcomm Incorporated 
	discussion
	Discussion
	10.1.4
	available

	R4-1810622
	Introduction of IFF method for RRM baseline measurement system
	Rohde & Schwarz
	pCR
	Approval
	10.1.4
	available

	R4-1810623
	On multiple antenna port capability for RRM baseline measurement system
	Rohde & Schwarz
	pCR
	Approval
	10.1.4
	available

	R4-1810624
	On spatially white AWGN for RRM baseline measurement system
	Rohde & Schwarz
	discussion
	Discussion
	10.1.4
	available

	R4-1810791
	SNR and signal control at reference point for RRM testing
	Qualcomm Incorporated
	discussion
	Approval
	10.1.4
	available

	R4-1811100
	TP to 38.810 to Introduce IFF for single active probe scenario RRM test cases
	Keysight Technologies UK Ltd
	pCR
	Approval
	10.1.4
	available

	R4-1811229
	Views on spatially white AWGN noise
	CATR, SAICT
	discussion
	Discussion
	10.1.4
	available

	R4-1810068
	Noise emulation complexity for NR
	ANRITSU LTD
	discussion
	 
	10.1.5
	available

	R4-1810564
	Noise Emulation for FR2 Testing
	Qualcomm Incorporated
	discussion
	Discussion
	10.1.1
	available

	R4-1811326
	Noise Emulation for FR2 Testing
	Qualcomm Japan Inc
	discussion
	Discussion
	10.1.1
	available


3.3 Summary of proposals
	Company / Tdoc
	Summary

	Anritsu 
(R4-1809774)
	For imperfections in the gNB emulator fading model, it is expected that the fading will be implemented in the conducted part of the test system, in a similar way to that done for LTE. We therefore propose the same value of +/-0.5dB, as specified in Annex F of the RAN5 Test Specification TS 36.521-1 [3].

	Anritsu
(R4-1810068)
	To generate noise that is close to white in the spatial domain would require a large number of probes transmitting noise, equally spaced over the surface of a sphere. This is discussed in R4-1809217 [5], and in summary such an implementation would require:

•
A large number of probes equally spaced over the surface of a sphere

•
A large number of signal sources and amplifiers to supply the probes

..and would have the following consequences:

•
A large chamber to provide sufficient probe-to-UE separation in 3 dimensions

•
High cost

•
Poor quality of quiet zone, due to reflections from the many probes

On our current understanding, the disadvantages of such a complex system do not seem currently justified in terms of increased test coverage.

A basic coverage of UE Rx beam selection based on SNR can be achieved by the method given in R4-1808614 [3]. It is accepted that this method has limitations, but it would be useful for RAN4 to decide a typical test scenario, related to a specific core requirement defined in TS 38.133, to determine the benefit in test coverage given by spatially white AWGN.

	Intel
(R4-1809832,
R4-1809836)
	Proposal #1:
Do not support spatially white noise emulation for the Rel-15 requirements. Further study the need for spatially white noise emulation in Rel-16 scope. 
Proposal #2:
The minimum UE RRM requirements are defined with respect to the SNR observed at the UE baseband (SNRBB). 


The measurement system shall adjust the reference point SNR (SNRRP) to achieve target baseband SNRBB. Reuse methodologies to adjust to define for UE demodulation for the case of DL SNR for 1 Cell from 1 AoA.


RRM requirements can be defined for any SNRBB range. In case the required SNRRP is larger than the maximum SNRRP supported by the test system, the corresponding requirement can currently not be tested.


The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ 400 MHz.
Proposal #3:
For setups which require NR CA mode with FR1 and FR2 inter-band NR CA, test setup shall be capable to provide NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.


No performance verification for LTE and NR FR1 carriers is supported in Rel-15.

	OPPO
(R4-1810555)
	Observation 1: In LTE, similar problems also exist, i.e. the test condition setting in antenna connector is different from UE BB measurement.

Observation 2: In LTE, calibration was used to compensate the power level differences caused by RF gain and IL between the reference test point and BB interface.

Observation 3: Beam based calibration could be used to compensate the power level differences caused by RF and antenna gain/IL between the reference test point and BB interface.

Observation 4: Testing need to guarantee the whole UE performance and should be independent of UE implementations. Test system only need to guarantee the test condition at the reference point in the chamber.

Proposal: Test system only need to guarantee the test condition at the reference point in the chamber and does not need to consider the gains/ILs caused by UE antennas and RF.

	Qualcomm
(R4-1810563)
	Observation 1. A map of the directions in which the UE meets the spherical coverage requirement is needed.

Observation 2. Probes with the largest angle separation between them should be used to emulate different beams/cells.

Observation 3. FR2 UEs will have to maintain performance while being rotated, a test during which the UE is rotated and has to maintain a connection should be discussed.

Observation 4. In order to minimize the range of the possible RSRP reported values, it is recommended to run at least some RSRP measurement accuracy tests in the Rx beam peak direction.

	Qualcomm
(R4-1810791)
	Proposal 1: For RRM SNR control with 1 probe, the SNR at the UE receiver can be controlled based on the same methodology as that in demod testing for artificial noise transmitted with signal and the SNR range should at least be based on the spherical coverage.

Observation 1: When 2 probes are considered in the RRM testing, the SNR range/accuracy will depend on UE receive antenna array gains for different probes and the UE receive antenna array gain for the 2 probes should also be based on spherical coverage.

Proposal 2: How to control the SNR in 2 probes scenario and how to calculate the SNR range/accuracy in such case should also be clarified in RAN4 and captured in TR38810.

Proposal 3: With the artificial noise transmitted with signal from TE, to make sure the SNR accuracy within 1dB, the minimal Rx noise power level with the metric of 5.9dB (around 6dB) higher than noise floor level which is derived in [3] should also be applied.

	Qualcomm
(R4-1810564,
R4-1811326)
	Observation 1. Noise transmitted from the same direction as the wanted signal cancels the effect of the Rx antenna gain and could enable UEs to pass RRM tests with minimal beam sweeping.

Observation 2. Noise transmitted from the TE side together with the signal will only test the baseband capabilities of the UEs.

Observation 3. Signal levels derived based on 50%-ile will allow UEs to pass tests with little or no Rx gain for beam detection and measurements.

Observation 4. Beam refinement tests would be meaningless with noise added at the TE side because the main objective of beam refinement is to improve the SINR.

Proposal 1. Alternative solutions such as a small number of probes transmitting just noise or transmitting noise from all the probes in the chamber located at different angles should be further investigated.
Proposal 2. These solutions should not preclude additional probes for noise sources beyond the already identified TRXP positions, so as to effectively test a certain minimum/maximum directional gain functionality.

	Rohde & Schwarz
(R4-1810622)
	This paper provides a TP for TR [1], which introduces IFF as an additional method to implement the UE RRM baseline measurement setup. At this stage, the purpose is to reuse the IFF setup defined for RF and Demod, thus the proposal is only for 1 simultaneously active AoA. The respective definition, details, uncertainties and applicability, can then be reused from the IFF for RF and Demod setup. Considering an IFF method for 2 simultaneously active AoA, would require a detailed analysis and seems unfeasible at the last meeting of the SI.

	Rohde & Schwarz
(R4-1810623)
	Proposal 1: Revise the wording for Multiple DL transmission antenna ports as follows:

In case of multiple DL transmission antenna ports are required for RRM testing, the different antenna ports are mapped to different polarizations.

Proposal 2: Add a clarification to Multiple DL transmission ports as follows:

For NR RRM requirements based only on SSS measurements and PBCH / PDCCH performance, multiple DL transmission antenna ports are not required to be supported by the RRM baseline measurement system.

	Rohde & Schwarz
(R4-1810624)
	Observation 1: No standard definition of spatially white noise is currently available. A common understanding is required for further discussions on the feasibility and advantages of its implementation.

Observation 2: The number of required uncorrelated noise sources is twice the number of probe antennas, due to the need of uncorrelated noise for two orthogonal polarizations.

Observation 3: Generation of spatially white noise increases test system complexity significantly due to the need for a high number of probe antennas and noise signal generators, even when using moderate emulation assumptions.

Observation 4: Placing additional probe antennas inside the anechoic chamber for noise generation is expected to have negative effects on the anechoic characteristics of the chamber, which will degrade the power uncertainty of spatially white noise and the quiet zone quality for the wanted signal.

Observation 5: The power uncertainty of AWGN within a test volume depends on emulation assumptions of the test system e.g. probe antenna arrangement, probe antenna pattern, chamber size, etc. The uncertainty decreases with increasing spatial symmetry of the arrangement of the noise probes.

Observation 6: The HPBW of the reference antenna (i.e. anticipated UE antenna pattern) has a major impact on the AWGN power uncertainty. The more directive the UE antennas, the lower the HPBW, the higher the AWGN power uncertainty.

Observation 7: The HPBW of future UE antenna patterns might become lower than 50 degrees resulting in higher AWGN power uncertainties. Thus, the generation of spatially white AWGN with the given simplifications might not be not future-proof.

Observation 8: Input from UE vendors (esp. regarding UE antenna pattern) is required in order to perform simulations with more realistic simulation assumptions.

Observation 9: Increasing the number of probe antennas, improves the AWGN power uncertainty. Even using 8 probe antennas within the anechoic chamber (i.e. 16 uncorrelated AWGN sources) and moderate simulation assumptions (HPBW of reference antenna 50 degrees), still results in a very high standard deviation (3.11 dB) of AWGN power.

Overall can be said, that the simulation results show that even a relatively high number of probe antennas will result in a high AWGN power variation within the test volume when assuming a directional reference antenna. These results are still at the costs of a highly increased test system complexity, where each probe antenna would require two uncorrelated noise signals due to the two orthogonal polarizations.

	Keysight
(R4-1811100)
	There is no technical reason not to allow the IFF methodology for single active probe scenario RRM test cases. On the contrary, the IFF methodology does not require a vendor declaration and supports all three DUT antenna configurations. Here, it is proposed to add the IFF methodology in the TR for RRM Testing.

	CATR, SAICT
(R4-1811229)
	For NR RRM testing, if the same approach for noise generation in CTIA MIMO OTA system is adopted by 3GPP, at least 8 dual-polarized probes should be added in the RRM baseline setup at radiated near field or far field. This will change the current approved system structure and also increase the system measurement uncertainty. Then, many open issues arise:

1.
How many probes should be used for generating a 3D AWGN (assume equally spaced);

2.
What is the specific impact of MU (quality of the QZ and total MU of RRM testing) induced by adding AWGN emulation structure;

3.
The cost and complexity of the new RRM baseline system need to be considered;

4.
The difference of the testing results by using agreed 2 AoAs approach and multi-probes should be checked, to see if much benefits could be seen from conformance testing perspective;


3.4 Discussion

3.4.1 Spatially white noise emulation

· Shall spatially white noise emulation be supported in Rel-15
· Option 1: Yes (Qualcomm)
· Option 2: No (Anritsu, R&S, CATR, SAICT, Intel)
Discussion


QC: we have a paper to describe why spatially white noise emulation is important.


R&S: Testing of UE antenna characteristics can be performed via transmission of interference signal from the 2nd AoA. Our analysis shows big variation of AWGN levels and it depends on antenna positions and number in the chamber. MU is increased. SNR uncertainty increases.

QC: Without spatially white noise emulation we cannot test real UE beamforming characteristics and performance. UE may not perform RX beam search if signal and noise come from one direction

Spirent: In CTIA we can do spatially white noise via placement of 8 probes. It is feasible but it requires much more probes than we have now. Some impact on the QZ might be expected.
Keysight: Adding more probes may not necessarily affect the quality of the QZ.

QC: we can extend the SI to complete the work on spatially white noise

Huawei: no strong opinion. Agree with Spirent that QZ can remain the same.

R&S: Number of antennas has impact on chamber design and uncertainties. Detailed analysis is needed.

QC: we object going with Option 2

Tentative proposal: Spatially white noise emulation not supported for Rel-15 RRM requirements.
Conclusion: No consensus. Come back in the main session.
3.4.2 SNR definition
· SNR definition for RRM requirements in TS 38.133
· Option 1: Requirements are specified for SNR at the Reference Point
· Option 2: Requirements are specified for SNR at the UE baseband (Intel)

· Whether TE needs to compensate for SNR mismatch between reference point and BB interface
· Option 1 (OPPO): Beam based calibration could be used to compensate the power level differences caused by RF and antenna gain/IL between the reference test point and BB interface. Test system only need to guarantee the test condition at the reference point in the chamber and does not need to consider the gains/ILs caused by UE antennas and RF. (OPPO)

· Option 2: SNR mismatch is compensated by measurement system
· Methodology to calculate Reference point SNR (SNRRP) from UE Baseband SNR (SNRBB)
· 1 AoA Case (when noise and signal are transmitted from the same probe)
· Option 1: Reuse methods agreed for UE Demodulation / CSI requirements

· 2 AoA Case

· Option 1: Define methodology to recalculate SNR (Qualcomm)

· Option 2: Methodology is up to RAN5 

· How to handle SNR restrictions for RRM testing
· Option 1: RRM requirements can be defined for any SNRBB range. In case the required SNRRP is larger than the maximum SNRRP supported by the test system, the corresponding requirement can currently not be tested.
· Maximum feasible tested SNR
· Option 1 (Anritsu) 

	
	Direct far field (DFF)

	Max SNR, 100MHz Ch BW
	[16.5dB]

	Max SNR, 200MHz Ch BW
	[13.5dB]


· Option 2 (Intel): The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ [400] MHz.
Discussion: 

AH chair: can we reuse the approach used for UE Demodulation?

QC: we can do it in case the signal and noise are transmitted from the same source

AH Chair: what is the SNR methodology in case of 2 AoA?

QC: It depends on what is transmitted from the probes (signal, noise)

QC: for RRM the SNR methodology may depend on test procedure and how we position UE
Keysight: for 2 AoA case we cannot directly reuse the analysis for 1 AoA
QC: for 2 AoA case we are interested what are the SNR bounds which can be controlled

Anritsu: for 2AoA the SNR will depend on the exact angles of arrival and UE antenna assumptions are not clear
Agreements:

Case of 1 AoA: 


Reuse methodology to derive the SNR at Reference point from UE Baseband SNR defined for UE demodulation test methodology under assumption that the testing is done under RX beam peak direction.
Further discuss how to handle the case when the test is done not in RX beam peak direction

Case of 2 AoAs: 

Further discuss the methodology to derive the SNR at Reference point from UE Baseband SNR
Next steps: Continue discussion during the week. QC volunteer to lead offline discussion
3.4.3 MU assessment for DL SNR

· gNB emulator fading MU 

· Option 1: 0.5dB (Anritsu)
Agreements:

· gNB emulator fading MU: Capture [0.5] dB MU in the TR. Capture a note that the value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment.
3.4.4 IFF test method
· Number of simultaneously active AoAs supported for IFF method

· Option 1: 1 (R&S)
· TP to capture IFF method

· Rohde & Schwarz (R4-1810622)

· Keysight (R4-1811100)

Discussion: 
R&S: we have concerns on the simplified DFF method for single probe case proposed by Keysight. IFF is needed to extend the test method coverage for other Antenna configurations
KS: see no reasons to preclude simplified DFF
Agreements:
· 1 simultaneously active AoAs is supported for IFF method

3.4.5 Multiple port transmission
· Multiple port transmission definition

· Option 1 (R&S): In case of multiple DL transmission antenna ports are required for RRM testing, the different antenna ports are mapped to different polarizations.

· Whether multiple port transmission is supported for RRM testing

· Option 1 (R&S): For NR RRM requirements based only on SSS measurements and PBCH / PDCCH performance, multiple DL transmission antenna ports are not required to be supported by the RRM baseline measurement system.

Notes: not treated in AH

3.4.6 Testing methodology aspects
· Qualcomm (R4-1810563)
· Observation 1. A map of the directions in which the UE meets the spherical coverage requirement is needed.

· Observation 2. Probes with the largest angle separation between them should be used to emulate different beams/cells.

· Observation 3. FR2 UEs will have to maintain performance while being rotated, a test during which the UE is rotated and has to maintain a connection should be discussed.

· Observation 4. In order to minimize the range of the possible RSRP reported values, it is recommended to run at least some RSRP measurement accuracy tests in the Rx beam peak direction.

Notes: not treated in AH

4 RF maintenance

4.1 Contribution list
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1809666
	On the combination of (electronic) beam sweeping and mechanical positioning techniques in OTA measurements
	Fraunhofer HHI, Fraunhofer IIS, Spirent, Ericsson
	discussion
	 
	10.1.1
	available

	R4-1810895
	Analysis and Correction of the Spherical Integration Formulation
	ETS-Lindgren Europe
	discussion
	Information
	10.1.1
	available

	R4-1810064
	On the relation between core requirements, MU and TT for RF and RRM conformance tests
	Ericsson
	discussion
	Discussion
	10.1.2
	available

	R4-1810801
	Discussion on choosing EIS over RSRP beam peak scan for Rx RefSens test case
	Qualcomm Incorporated
	discussion
	Approval
	10.1.2
	available

	R4-1810870
	TP to 38.810: Update for Tx test procedures
	Rohde & Schwarz
	discussion
	Approval
	10.1.2
	available

	R4-1811035
	On RX Beam Peak Search Measurement Grid Approaches 
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811090
	On DUT/Reference AUT Re-Positioning 
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811091
	On TRP Measurement Grids for mm-wave using Clenshaw-Curtis Weights
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811092
	On TRP Measurement Grids for mm-wave using Surface Integral based on Jacobian Matrix
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811093
	On TX Beam Peak Search Measurement Approaches
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811094
	On Beam Peak Search Measurement Grids for mm-wave for Constant Density Grids Types
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811095
	On Quality of Quiet Zone Frequencies
	Keysight Technologies UK Ltd, PCTEST Engineering Lab
	other
	Approval
	10.1.2
	available

	R4-1811096
	TP to TR38.810 on DUT Repositioning
	Keysight Technologies UK Ltd
	pCR
	Approval
	10.1.2
	reserved

	R4-1811097
	TP to TR38.810 on TRP Search Grids
	Keysight Technologies UK Ltd
	pCR
	Approval
	10.1.2
	reserved

	R4-1811098
	TP to TR38.810 on TX Beam Peak Search Grids
	Keysight Technologies UK Ltd
	pCR
	Approval
	10.1.2
	reserved

	R4-1811099
	TP to TR38.810 on RX Beam Peak Search Grids
	Keysight Technologies UK Ltd
	pCR
	Approval
	10.1.2
	reserved

	R4-1811129
	On Reference AUT Roll orientations for combined-axes systems
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2
	available

	R4-1811289
	TP to 38.810 on measurement grids of EIRP/EIS, TRP, Spherical Coverage
	CATR, SAICT
	other
	Approval
	10.1.2
	available


4.2 Summary of proposals
	Company / Tdoc
	Summary

	Fraunhofer HHI, Fraunhofer IIS, Spirent, Ericsson
(R4-1809666)
	Observation 1: Issue to be addressed—reduction of measurement uncertainty.

Observation 2: Issue to be addressed—reduction of measurement time.

Observation 3: Issue to be addressed—reduction of measurement uncertainty associated with the black-box approach.

Observation 4: A large number of measurement points are required to achieve the minimum measurement uncertainty requirements.

Observation 5: This contribution continues the discussion of beam sweeping techniques for various measurement parameters.

Observation 6: The method can be used in both single- and multi-probe measurement systems.

Observation 7: The method is equally-applicable to both regular and irregular sampling grids.

Observation 8: The method is equally-well suited to both the white-box and the black-box approaches.

Observation 9: The combination of similar electronic beam sweeps and different mechanical orientations provides statistically robust measurement results.

Observation 10: The combination of similar electronic beam sweeps and different mechanical orientations reduces measurement uncertainty.

Observation 11: Performing multiple sweeps at each mechanical rotation reduces test time.

Observation 12: A beam set helps find the maximum EIRP quickly.

Observation 13: Beam sweeping can be used in 3D, 2D and 1D systems.

Observation 14: Beam sweeping can be used in single probe and multi-probe systems.

Proposal: RAN4 should discuss beam sweeping techniques further.

	ETS-Lindgren Europe
(R4-1810895)
	The attached paper demonstrates that the numerical integration formulation currently used for TRP/TRS testing is fundamentally flawed.  The new spherical surface area weighted formulation presented here provides a much more accurate approximation to the continuous integral using the same rectangular grid data points.  Since this method still allows for separate integration of phi cuts, it also still supports the use of theta dependent phi optimization.  It’s apparent that with a proper integration of the spherical surface, it is not necessary to switch to a more complicated data acquisition scheme, as accurate results can be obtained from a uniform grid measurement.  An analysis similar to this may also be used to evaluate the expected uncertainty for a given beamwidth/gain and grid resolution.

	Ericsson
(R4-1810064)
	The MU can perhaps be improved? Then it may be more relevant to use TT = MU. For the BS, an improved MU for BS of 1.67 dB (at 1.96) for EIRP verification is proposed in [4]-[5] for which case it is relevant to use TT = MU.

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.

Even if shared risk will be used for FR2 RF and RRM, it is still beneficial to minimize the MU. If there is a large discrepancy between the TT and MU, the test verdict will become less stable and less repeatable. For example, if the MU is random (varies between test runs using the same equipment), re-running test multiple times will give different verdict. This will then go against the purpose of making tests more relevant if vendors use the results with a favourable verdict.

	Qualcomm
(R4-1810801)
	Observation 1: RSRP relative accuracy of +/-6dB means that the selected “best beam” from RSRP scan have error of up to 6dB. This may result in an incorrect beam to be selected as best beam. 

Observation 2: This RSRP accuracy is another MU (potentially the largest) element to be added to the overall EIS MU budget.

Observation 3: An RSRP accuracy of +/- 6dB is high and is not suitable for RefSens measurement.

Proposal 1: For RefSens test case only, use EIS based spherical scan for Rx beam peak search, as an alternative to RSRP based spherical scan.

Observation 4: The test time impact from choosing EIS scan instead of RSRP scan needs to be evaluated and that the EIRP search grid should not be assumed.

Proposal 2: The EIS search grid to be used for RefSens EIS based spherical scan is FFS.

Observation 4: The RSRP accuracy of +/-6dB may still be acceptable for many/all other test cases. 

Proposal 3: For applicable test cases, where RSRP accuracy of +/- 6dB is acceptable, one may continue using RSRP based spherical scan results.    

	R&S
(R4-1810870)
	In the last meeting during the RF session, an open question regarding the blocking requirements in FR2 was discussed. It was unclear whether the device needs to pass the test on only one of the polarizations or on both. Based on the discussions and contributions [1], [2] in the RAN4#87 meeting it was concluded that the UEs need to pass the test on both polarizations.

This agreement needs to be captured in the test procedure for blocking tests in 38.810.

	Keysight
(R4-1811035)
	Observation 1: Given the poor relative accuracy of [± 6dB], the proposed RSRP approach is not able to reliably determine the RX beam peak direction, i.e., the direction in which EIS is minimized. 

Proposal 1: Perform the RX beam peak search grid measurements at maximum UE output power level at a DL power level at the centre of the quiet zone with a high SNR.
Proposal 2: Increase the accuracy of power-based quantities such as EIS for the RX beam peak search grid to 1dB.
Observation 2: The minimum number of RX beam peak search grid points for a 1dB uncertainty for power based quantities at the RX beam peak utilizing an EIS search at every grid point instead of using RSRP measurements is too high regardless of the grid types (constant step size grid and constant density).

Observation 3: Even for more realistic antenna patterns with the reference antenna integrated into smartphone UE architectures, the approach to perform an EIS search at every RX beam peak grid point seems impractical
Observation 4: Coarse&fine RX beam peak search approaches based on RSRP or EIS measurements in the coarse search are likely not going to be practical in terms of test time. 

Observation 5: A search routine based on throughput measurements on a coarse grid and EIS measurements on a fine grid could result in an optimized number of measurement points. 

Proposal 3: Consider the proposed the coarse&fine search approach a replacement of the previously agree RX beam peak search approach based on RSRP. Parameters are FFS

	Keysight
(R4-1811090)
	Observation: Common systems have measurement directions where near-field coupling effects between the antenna and the pedestal/positioners/fixtures can cause increased signal ripples.

Proposal: Allow the DUT and the reference AUT to be re-positioned during the conformance tests and quality of quiet zone tests, respectively.  

	Keysight
(R4-1811091)
	Observation 1: For a finite and practical number of latitudes used for TRP measurement grids, the weights from Clenshaw-Curtis and Gauss-Legendre quadratures differ from the classical sin ( weights

Observation 2:  While the Clenshaw-Curtis approach corresponds to a constant step size measurement grid type, the Gauss-Legendre quadrature does not correspond to a constant step size measurement grid type since the point spacing of the samples in elevation is not constant.

Observation 3: Constant step size measurement grids do not necessarily require the constant grid spacing in elevation () to match the constant grid spacing in elevation (). 

Proposal: include the results based on the Clenshaw-Curtis quadrature in the TR.

	Keysight
(R4-1811092)
	Observation 1: A triangulation-based expression for TRP has been derived including an explicit computation of the surface area to reduce the mean offset.

Observation 2: The constant step size TRP measurement grid with 266 unique grid points and 15o spacing in elevation () and azimuth () using a triangulation-based expression for TRP yields a standard deviation of 0.151dB and no mean offset. 

Observation 3: The optimized constant step size TRP measurement grid with 222 unique grid points with 16.36o spacing in elevation () and azimuth () using a triangulation-based expression for TRP yields a standard deviation of 0.235dB and no mean offset.

Proposal: Include the derivation of the Surface Integral using the Jacobian Matrix as well as the statistical results obtained from the two example measurement grids in the TR.

	Keysight
(R4-1811093)
	Proposal 1: Perform the TX beam peak search grid measurements at maximum UE output power level.

Proposal 2: UE and chipset vendors to provide feedback how the 8x2 reference antenna pattern changes once the antenna is integrated in a more realistic smartphone UE architecture

Observation 1: The minimum number of beam peak search grid points can be derived from the minimum HPBW for different grid types based on the plot in Figure 2.

Observation 2: A search routine based on coarse and fine searches could yield the same EIRP beam peak accuracy with few number of total measurement points

Proposal 3: Approve the coarse&fine search approach as alternative to reduce test time 

Observation 3: The spherical coverage/CDF analyses have to be performed on the coarse grid EIRP measurement results.

	Keysight
(R4-1811094)
	Observation 1: The two implementations for Constant Density Measurement Grid Types investigated so far show that the grid points are not typically surrounded by 6 equidistant grid points

Observation 2: For the charged particle implementation, 8000 measurement points are required in order to achieve a deviation of 0.5dB between the peak and the 2 closest measurement points for any beam peak orientation of the simulated 8x2 antenna pattern. 

Observation 3: For the golden spiral implementation, 11000 measurement points are required in order to achieve a deviation of 0.5dB between the peak and the 2 closest measurement points for any beam peak orientation of the simulated 8x2 antenna pattern. 

Observation 4: For the golden spiral implementation, more measurement points than for the constant step size measurement grid type, 10224 measurement points, are needed in order to achieve the same deviation of 0.5dB. 

Proposal: Take the updated minimum number of measurement points into account for the TX beam peak search grid procedure and include them in the TR.

	Keysight Technologies UK Ltd, PCTEST Engineering Lab
(R4-1811095)
	Observation: 3GPP has not defined frequencies for UTRA and E-UTRA to test the quiet zone accuracy but CTIA has

Proposal: Ask CTIA for support on the definition of the quality of quiet zone frequencies for NR FR2 in an LS.

	Keysight
(R4-1811129)
	Proposal: In combined-axes systems, limit the quality of quiet zone evaluation to just a single reference AUT roll orientation. 



	CATR, SAICT
(R4-1811289)
	TR to capture the agreements on the measurement grids


4.3 Discussion
Notes:

· Fraunhofer presented R4-1809666

Questions for discussion (not treated):

· General
· Study combination of (electronic) beam sweeping and mechanical positioning (R4-1809666)
· RX beam peak search

· Use EIS RX beam peak scan for Rx RefSens test case (QC)

· Perform the RX beam peak search grid measurements at maximum UE output power level at a DL power level at the centre of the quiet zone with a high SNR. (Keysight)

· Increase the accuracy of power-based quantities such as EIS for the RX beam peak search grid to 1dB. (Keysight)

· Consider the proposed the coarse&fine search approach a replacement of the previously agree RX beam peak search approach based on RSRP. Parameters are FFS (Keysight)

· TX beam peak search

· Perform the TX beam peak search grid measurements at maximum UE output power level (Keysight)

· Approve the coarse&fine search approach as alternative to reduce test time (Keysight)

· Take the updated minimum number of measurement points into account for the TX beam peak search grid procedure and include them in the TR (Keysight).

· TRP measurement grid

· Include the results based on the Clenshaw-Curtis quadrature in the TR. (Keysight)

· Include the derivation of the Surface Integral using the Jacobian Matrix as well as the statistical results obtained from the two example measurement grids in the TR. (Keysight)

· DUT/Reference AUT Re-Positioning
· Allow the DUT and the reference AUT to be re-positioned during the conformance tests and quality of quiet zone tests, respectively.  (Keysight)

· Frequencies to be used to characterize the quality of the quiet zone 
· Ask CTIA for support on the definition of the quality of quiet zone frequencies for NR FR2 in an LS.  (Keysight, PCTEST)

· Reference AUT Roll orientations for combined-axes systems 
· In combined-axes systems, limit the quality of quiet zone evaluation to just a single reference AUT roll orientation. (Keysight)

5 TR 38.810 maintenance (not treated in AH)

TR open issues (based on R4-1811036)

	#
	Item
	Section(s)
	Proposal

	General

	1
	The sections “Parameter mapping to RF requirements” for Permitted RF test methods are empty
	5.2.1.2, 5.2.2.2, 5.2.3.2, 5.2.4.2
	Remove sections if no contents provided in RAN4 88

	2
	Section with “Summary of initial uncertainty assessment” for RF test methods is empty
	5.4
	Remove section if no contents provided in RAN4 88

	3
	Description of measurement grid parameters for EIRP, TRP, EIS, EVM, Blocking measurements for DFF, IFF and NFTF methods is missing
	5.2.1.4.2, 5.2.1.4.3,

5.2.1.4.4, 5.2.1.4.5,

5.2.1.4.6, 5.2.3.4.2,

5.2.3.4.3, 5.2.3.4.4,

5.2.3.4.5, 5.2.3.4.6,

5.2.4.3.2, 5.2.4.3.3 
	Capture the existing agreements on measurement grids.

	4
	Procedures to verify emulated propagation conditions are FFS
	8
	Remove related contents if no inputs provided in RAN4 88

	Annex A Environment conditions

	5
	Sections A.1 Scope and A.2 Ambient temperature are empty
	Annex A
	Remove sections if no contents provided in RAN4 88

	Annex B.1 Measurement uncertainty budget for RF testing methodology

	6
	DFF method

· The impact of phase variation on EIRP and EIS is marked as FFS 

· Measure distance uncertainty for DFF method: Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS. Any reduction in the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of limit of the error is FFS.

· Quality of quiet zone for DFF method: An additional MU term related to phase variation and phase ripple effects which depends on measurement distance is FFS, this might require an augmentation of the quality of the quiet zone validation procedure

· Phase curvature for DFF: The impact of this factor is FFS.

· XPD of the probe antenna is TBD
	B.1.1.3

B.1.1.4.2

B.1.1.4.3

B.1.1.4.7

B.1.1.4.10
	Add clarifications that these aspects to be discussed in RAN5 during final MU assessment. 

	7
	Section “Direct far field (DFF) setup simplification for centre of beam measurements” is empty
	B.1.2
	Remove section if no contents provided in RAN4 88

	8
	NFTF method: 

· The impact of phase variation on EIRP and EIS is FFS. 

· The Phase Recovery Non-Linearity over signal bandwidth is FFS
	B.1.4.3

B.1.4.4.13
	Add clarifications that these aspects to be discussed in RAN5 during final MU assessment. 

	Annex B.2 Measurement uncertainty budget for UE RRM testing methodology

	9
	Uncertainty for DFF: 

· Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS. Handling of effects related to Quality of Quiet zone is FFS

· gNB emulator Fading model impairments are FFS.

· SNR Expanded uncertainty is FFS
	B.2.1.2

B.2.1.3

B.2.1.4.3
	If not further inputs in RAN4 88, add clarifications that these aspects to be discussed in RAN5 during final MU assessment. 

	Annex B.3 Measurement uncertainty budget for UE demodulation testing methodology

	10
	DNF setup

· Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS. 

· Handling of effects related to Quality of Quiet zone is FFS

· gNB emulator Fading model impairments are FFS.

· SNR Expanded uncertainty is FFS
	B.3.1.3

B.3.1.4.3
	If not further inputs in RAN4 88, add clarifications that these aspects to be discussed in RAN5 during final MU assessment. 

	11
	IFF setup

· Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS. 

· Handling of effects related to Quality of Quiet zone is FFS

· gNB emulator Fading model impairments are FFS.

· RF leakage from measurement antenna to receiver is FFS

· SNR Expanded uncertainty is FFS
	B.3.3.3


	If not further inputs in RAN4 88, add clarifications that these aspects to be discussed in RAN5 during final MU assessment. 

	Annex D Quality of the quiet zone validation

	12
	The frequencies to be used to characterize the quality of the quiet zone are TBD.
	D.2.2
	Add a note that the aspect can be handled in RAN5.

	13
	The minimum range length is TBD
	D.2.5
	Add a note that the aspect can be handled in RAN5.

	Editorial aspects

	14
	Figure E.2.2.1-1 – Original figure could not be properly copied from the related TP
	E.2.2.1
	Recommend proponents to resubmit correct figures or at least share with editor before RAN 81
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