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1 Introduction

In RAN4 #87 the following agreements on the NR RRM FR2 test methodology were made [1]:
	· 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


In this contribution we provide our views on the remaining open issues for the RRM test methods.
2 Discussion
2.1 Baseline setup for RRM requirements

The baseline RRM setup assumes that measurement equipment shall be able to emulate the signals from 2 AoAs. However, not all RRM requirements may require such complex setups and 2 types of RRM requirements can be foreseen: 
1) Type 1: RRM requirements which do not require verification of TX/RX beamforming and may be done under assumption of 1 AoA (e.g. SS-RSRP measurements). 

2) Type 2: RRM requirements which require verification of TX/RX beamforming and require 2 AoA (e.g. handover and cell reselection). 
For Type 1 requirements “UE demodulation test setup” can be used to reduce the measurement setup complexity. For Type 2 requirements RRM test setup shall be used. RAN4 shall further make classification of requirements during the work on NR WI Performance requirements.

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.
In the previous meeting it was also agreed that “Using Near Field to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition is FFS”. Overall, far field testing seems a natural choice for the case of emulation of signals coming from multiple directions and for setups aimed at verification of UE beamforming. In case near field (i.e. radiative near field) is used, the impact on MU needs to be further evaluated by the proponents to prove that method is feasible.

Proposal #2:
Further assess the impact of Near Field on the MU for RRM baseline setup.
2.2 Reference point definition for RRM test parameters
In accordance to the RAN4 #87 discussion “Reference point definition for Test parameters for RRM testing to be controlled by TE is FFS (e.g. SNR)”. The RRM test setup aims to verify the UE analogue beamforming implementation and hence, the reference point for parameters definition (e.g. SNR, RSRP, AoA, etc.) shall be at the input of UE antenna array. For instance, centre of QZ can be used as the reference point.
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Figure 1. Test parameters Reference point for UE RRM test 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.
2.3 Test metrics for RRM testing
A comprehensive set of test metrics for RRM testing was defined in RAN4 #87. In accordance to the current RAN4 discussion in RRM room, no measurement of the “Absolute/Relative UL PRACH level transmitted by the UE” is required. In addition to the previously identified list, it is important to ensure that test setup is capable to support measurement of “Absolute and relative accuracy of the UE reported measurements including RSRP, RSRQ”. 
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
In accordance to the RAN4 #87 agreements, “Feasibility of implementation of identified test parameters and metrics” is FFS. One potential issue for RRM test methodology is the procedure of RSRP/RSRQ accuracy testing. As described above, test equipment will be able to control the receive signal power (e.g. RSRP) level at the input of the UE antenna array (i.e. at the centre of a quiet zone). During the RSRP accuracy test UE shall perform the RSRP measurements and report the estimated RSRP back to the test system, which shall compare the reported measurements vs the ideal RSRP. The respective RSRP measurements are done at the UE baseband side and, hence, include the gains/losses from the UE antenna array and RF components. However, the test equipment is not aware on the UE implementation (antenna gain and RF loss) and does not have information on the “ideal RSRP” definition from UE perspective. Therefore, the test system cannot verify the absolute RSRP accuracy. In order to overcome this challenge, it is suggested that prior to the start of RSRP accuracy test under noise limited conditions, the test system shall first obtain the ideal RSRP. In particular, the ideal RSRP can be obtained based on the RSRP measurements reported by UE for the noise-free or high SNR conditions and under assumption of single signal source. The exact SNR conditions to derive the ideal RSRP can be further discussed as a part of NR WI performance part.
[image: image2.emf]UE

TE

Reference point for test 

parameters control

RF

Array

Baseband

Reference point for 

UE measurements


Figure 2. Reference point for UE measurements
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.
2.4 Noise emulation procedure

In RAN4 #87 a question on the feasibility spatially white noise emulation was raised. In our understanding, an emulation of a spatially white noise will require use of multiple additional probe antennas in an anechoic chamber and would substantially increase the complexity / cost of RRM measurement setup. Therefore, it is suggested that in Rel-15 scope no specific approaches to emulate the spatially white noise are introduced. Instead, the emulated AWGN signals shall be transmitted jointly with the desired signals for one or two probes. For instance, in case when 2 probes (AoA) are used, the following approaches can be used:
1) Probe #1 transmits the first desired signal and artificial noise. Probe #2 transmits the 2nd desired signal

2) Probe #1 transmits the first desired signal and artificial noise. Probe #2 transmits the 2nd desired signal and artificial noise

3) Probe #1 transmits the first desired signal. Probe #2 transmits the 2nd desired signal. No artificial noise is emulated.

RAN4 should further discuss on the preferred approach for noise emulation and conduct DL SINR MU assessment under the particular assumptions.
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Figure 3. Noise emulation for RRM Baseline setup

Proposal #7:
Spatially white noise emulation is not supported in Rel-15. Further discuss whether and how to transmit the emulated AWGN signals.
2.5 Initial MU assessment
The following agreements on the initial MU assessment were made in RAN4 #87:

	· 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


As proposed above the centre of the QZ is suggested to be used as the reference point for the control of the test parameters (e.g. SNR, RSRP). Therefore, in terms of measurement methodology, the measurement setup calibration could be done at the centre of the QZ. The existing RF DFF QZ quality contribution to the MU (taken from RF DFF, both EIRP and EIS), already characterizes the fact of having the UE array panels at an unknown location within the QZ. That means that, the difference in the SNR/RSRP due to different location of the centre of the QZ and actual location of the UE array panel within the QZ is already taken into account in the MU. 
Therefore, the MU elements in the DFF method can be reused for the RRM testing and RAN4 needs to discuss additional MU due to RRM specific testing including DL SNR and power level accuracy/range.

2.5.1 DL SNR range / accuracy
As proposed above, to emulate noise-limited conditions, the test equipment shall generate both desired and artificial noise signals for each of the test probe independently. The SNR accuracy at the reference point mainly depends on the parameters control accuracy at the TE side. Meantime, from the testing perspective it is also important to understand the DL SNR which will be effectively observed at the UE RX baseband. For these purposes, the UE demodulation SNR accuracy analysis methodology can be reused.
For the case of a single AoA the SNR accuracy analysis methodology will be identical to the UE demodulation setup (described in [2]). However, the RRM testing is done in the far field and the measurement distance will be larger than the distance for UE demodulation setup and the respective effects shall be taken into account. In the figure below we illustrate the analysis for the SNR error at the UE baseband receiver port and the following parameters are considered
· Fc = 24GHz and 43GHz

· CBW = 100 MHz, 200 MHz, 400 MHz and 1GHz

· 6.5m measurement distance (far field distance for 43GHz and 15cm DUT)

· The remaining parameters are listed in Table 1 and based on TR 38.810 assumptions in Annex B 3.1.1

Table 1: SNR accuracy parameters

	Parameters
	Carrier frequency
	Units

	
	24GHz
	43GHz
	

	UE Antenna Gain
	7
	8
	dBi

	UE Noise Figure 
	10
	12
	dB

	UE Implementation loss
	-10
	-11
	dB

	Test antenna TX output power
	18
	15
	dBm

	Transmission bandwidth
	100, 200, 400, 1000
	MHz

	Measurement distance
	6.5
	6.5
	m
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Figure 4. SNR accuracy analysis (single probe case)
It may be observed that the accuracy of the DL SNR observed at the UE baseband is substantially reduced for both high SNR and low SNR regions due to larger measurement distance. To resolve the possible issues, several approaches can be considered:
1) Use UE demodulation setup with radiative near field test distance for single probe RRM testing for requirements which require SNR control (in this case the UE demodulation SNR accuracy analysis in [X] may be reused)
2) Require higher TE probe TX output power

3) Limit the max tested CBW for RRM requirements by [100 – 200] MHz

4) Perform UE testing for the lowest supported frequency band

5) Limit the max SNR for the RRM requirements by [X] dB

Proposal #8:
Further discuss how to resolve SNR accuracy issues for single probe RRM testing.
· Option 1: Use UE demodulation setup with radiative near field test distance for single probe RRM testing for requirements which require SNR control

· Option 2: Require higher TE probe TX output power

· Option 3: Introduce test setup constraints (e.g. limit the max tested CBW, perform UE testing for the lowest supported frequency band, limit the max SNR)

For the case of 2 emulated signals (2 AoAs), the SINR emulation accuracy needs to be assessed and the methodology may depend on the noise emulation procedure in Section 2.4. Before conducting the accuracy assessment further decision on the noise emulation procedure shall be done.
2.5.2 Power level range / accuracy

The power level range at the reference point will depend on the measurement equipment output TX power, measurement distance and channel BW. The RX power at the UE antenna array input and at the baseband can be derived as follows:

SRX = STX * PL(d) = PTX_MAX * PL(d)
where,

· STX: Transmit signal power for the desired signal
· SRX: Receive signal power at the UE antenna input
· PTX_MAX: Probe max TX power

For the case of 6.5m measurement distance, the maximum RX power level can be expected as follows:
	Parameters
	Carrier frequency

	
	24GHz
	43GHz

	Test antenna TX output power
	18 dBm
	15 dBm

	Transmission bandwidth
	100 MHz

	Measurement distance
	6.5m
	6.5m

	Maximum RX power (per Hz)
	-138 dBm/Hz
	-146 dBm/Hz

	Maximum RX power (per 60kHz)
	-90 dBm/60kHz
	-98 dBm/60kHz


The achievable RSRP range for the specified parameter is acceptable from the RRM testing perspective. The test setup parameters (TX output power and measurement distance) may vary from one vendor to another. In order to ensure that RRM test setup allows proper power level range it is suggest to introduce corresponding requirements.
Proposal #9:
RRM measurement setup shall support at least [X] dBm/Hz RX signal power level emulation at the centre of a QZ.
3 Conclusion

In this contribution we provided our views on the remaining open issues for the RRM test methods. In summary we make the following proposals:
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 resolve SNR accuracy issues for single probe RRM testing.

· Option 1: Use UE demodulation setup with radiative near field test distance for single probe RRM testing for requirements which require SNR control

· Option 2: Require higher TE probe TX output power

· Option 3: Introduce test setup constraints (e.g. limit the max tested CBW, perform UE testing for the lowest supported frequency band, limit the max SNR)

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