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1
Common to UE RRM and Demodulation

	TDoc
	Title
	Source
	Type

	R4-1704569
	Noise Source Time Correlation Impact
	Qualcomm Incorporated
	discussion

	R4-1704668
	On propagation model for RRM and demodulation
	Intel Corporation
	discussion


Summary of proposals:

· [R4-1704569] Noise Source Time Correlation Impact -> noted
· we analysed the impact of the noise source time domain correlation to the received SNR in an OTA setup with active antennas. For a typical phone form factor device(15cm diagonal), a noise source with a time domain correlation higher than 0.5ns is needed to maintain a predictable SNR at the receiver side. The actual time domain correlation of noise sources used in mmWave OTA tests should be investigated.
· the time domain correlation of signals to which fading is applied in the time domain before they are transmitted from the TE antenna should also be investigated
Keysight: it is a function of the signal BW; not a test equipment issue; is the attempt to define SNR this way appropriate, given the interference in practice; is the intention to isolate perf requirement to BB and not the device? What scenario is emulated with this proposal?

R&S: agree with Keysight; the problem is the BW; the problem is to bring uncorrelated noise to diff rx antennas; in LTE conducted measurements, we generate an artificial SNR in TE, and this can be delivered via cable to receiver; in OTA, why don’t we test at receiver reference levels? Then the noise contributor is the receiver itself
Keysight: we understood the intention here is to define an SNR side condition; the interfering signal would be spatially separated; but we can’t know what that SNR is; we prefer to think about where the interference coming from; if spatial, we should test that scenario

Ericsson: what Keysight mentioned is something we have been raising in core req’t discussions; it becomes difficult to control SNR when interference comes from different directions; we understood this as a way to try to control the SNR, and this would be beneficial; we are positive on this; if we begin defining interference directions, then it becomes difficult to define pass/fail criteria
Qualcomm: the reason we want to fix the SNR is to be able to differentiate between what the UE does in the BB and take out the antenna gain, which is tested in the RF tests; understand Keysight’s motivation, but we are concerned that we may then need a statistical test with wanted/interf. signals from many angles and averaging over the sphere; we would not want to set pass/fail based on a certain environment; we would like to isolate these and to target a predictable SNR; in RRM, we may have two different sources from different directions, but without knowing the UE antenna response, there isn’t a way to know the SNR
· [R4-1704668] propagation model -> noted
· Proposal 1: A set of preliminary agreements is needed in order to structure the work on propagation condition
Keysight: there is a reasonable number of surveys are available, such as mmMagic; we could use this; we would like to work with interested companies on a survey of available literature in order to propose actual numbers for this work; we believe this will be critical for determining the baseline of the measurement system
Ericsson: what is the role of the UE antenna model? Is the intention to define a ref UE antenna and then use in simulations? How does this help, since practical UE has different antenna implementations

R&S: we support the basic idea of this paper; keep it simple to implement ASAP

2
UE RRM test
	TDoc
	Title
	Source
	Type

	R4-1704669
	On baseline measurement setup for RRM
	Intel Corporation
	discussion

	R4-1704591
	UE RRM test methodologies in NR
	ANRITSU LTD
	discussion

	R4-1705834
	Baseline RRM and demod measurement system considerations and channel models
	Keysight Technologies
	other

	R4-1705831
	Metrics for Simplified sectorized MPAC RRM/Demodulation Measurement Setup
	Keysight Technologies
	other

	R4-1705838
	Simplified sectorized MPAC for RRM/Demodulation baseline
	Keysight Technologies UK Ltd
	other


Summary of proposals:

· [R4-1704669] baseline setup -> noted
· Proposal 1: It is proposed to complete the definition of the RRM baseline measurement setup by focusing on the “FFS” aspects in the existing definition; one possible way of structuring the discussion has been provided in this paper; other approaches are not precluded.
Keysight: regarding the FF distance, we agree that this could be relaxed from the power point of view; depending on the size of the device, if we want to maintain an accurate AoA, we should avoid creating angular errors; we have shown that certain assumptions may cause an error of AoA by up to 20 degrees

· [R4-1704591]  RRM test methodologies -> noted
· Proposal 1: In the early stages of development, consider systems which would fulfil the RRM test needs before deciding whether they can use the same test system as for demodulation

· Proposal 2: For NR RRM testing fading and multipath can be modelled electronically with channel emulators before transmission on each of the N antennas.

· Proposal 3: As default, emulated gNB sources use single transmission layer for NR RRM testing

· Proposal 4: NR RRM testing should use two cross polarised antennas for each emulated gNB

· Proposal 5: NR RRM testing should model both scenarios where the beams from different gNBs come from different directions, and scenarios where the beams from different gNBs come from similar directions 

Keysight: we agree with most of this paper; regarding the polarization, we should be careful; the mobile will have to handle polarization based on the channel
Ericsson: interested in understanding P4; does this mean that those are omni-directional? Is the BF assumed at the gNBs?

Anritsu: our thinking in P4 was to give the UE a choice of polarizations and not to make the test particularly sensitive to polarization

Keysight: the issue is that any real mmWave channel, only one polarization will get through

Qualcomm: to Keysight comment, it is not necessarily true; if we have LOS it is true, and we could do 2x2 MIMO; controlling polarization for RRM may be needed; we cannot predict what is the UE Rx power per polarization; can we actually check whether the UE is receiving on a certain polarization and not on another?

Keysight: it is possible to check manually; are we interested in what happens in a real environment, where the polarization is varying; we should test the whole system using a realistic channel; just one polarization is unrealistic

· [R4-1705834] baseline setup -> noted
· An idealized 3D systems seems out of the question for cost and complexity reasons
· a practical simplified system is proposed for consideration.

· The importance of agreeing soon on the channels to be emulated is very important as this has a large bearing on the design of practical test methods which will permanently limit the scope of what scenarios can be tested.

· The suitability of the system level models in [4] needs to be assessed for link level simulations as well as comparison with ongoing research into channel models in [9] to [14].

· Another critical factor to decide soon is the far field criteria for RRM for spatial requirements where accurate emulation of AoA is needed. In such cases the far field is determined by the UE array separation, rather than individual array size, leading to a 10 or 20-fold increase in far field distance.
The principle behind the SS MPAC is to reduce the theoretical complexity of an arbitrary 3D MPAC system by making three fundamental assumptions:

1.
Only one sector of the full 3D sphere is emulated e.g. 120° x 60° degrees – this precludes scenarios such as testing a UE with simultaneous back and front signals

2.
The arbitrary AoA of the clusters defined in [4] is discretized in order that a closer match to a modified channel can be implemented with fewer probes aligned to the discretized AoA

3.
The assumptions about test zone size adopted for MIMO OTA < 6 GHz intended to guarantee correlation for SU MIMO within the test zone are relaxed to focus on beam selection and tracking requirements
Ericsson: we should consider how much we want to emulate what happens in real life; in LTE RRM tests, we just consider power levels from the perspective of path loss increasing/decreasing; we envisaged a similar approach; simplified LOS model may be more in line with our expectations; how important is it to create real life scenarios? For instance, functionality test
MVG: regarding the positioning of the probes: how many probes in the azimuth plane? How many in the elevation?

Intel: how do we maintain a polarization reference, if control over polarization is needed?

Anritsu: one part is about the 120 deg. Placement of probes, another is about different setup; what is the key message?

Keysight: the figures we looked at is 3 deg spacing of antennas; this is an array of antennas but sparsely fed; regarding polarization control, you could have some form of movement with switching; there are two types of requirements: where we have control over the angular spread, such as MPAC system, or an LOS case; some requirements may need just direction, others may need more control

· [R4-1705838] sectorized MPAC -> noted
· Proposal: The simplified sectorized MPAC is chosen to be the baseline for RRM/demodulation setups
R&S: this looks interesting, but we have limited amount of time; MPAC has various issues; if we had started 8 years ago on 28 GHz, we may be close now
Qualcomm: if we want to emulate multiple cells, how do we do it in this setup? Separate probes? Multiplex signals before each probe?

Keysight: we have learned a lot from MIMO OTA; one of the challenges is managing correlation; but in this proposal we are not trying to control the correlation, which can help the test zone definition; we think this is simpler than MPAC; this system is flexible; four signals could feed the array; one signal with reflections could be modelled

· [R4-1705831] metrics for sectorized MPAC -> noted
· Proposal 1: The LTE based metrics should be evaluated one by one whether they are applicable for mmWave RRM/demodulation OTA setups.

· Proposal 2: The metrics presented in section 2.1.1 through 2.1.4 are used as the base to develop the new set of performance criteria to evaluate mmWave RRM/demodulation OTA setups.

Possible Way Forward?

Keysight: we should have a limited sphere approach; this SS MPAC can generate signals from a narrower sector

Qualcomm: we should look more into the proposals; the other alternative is two horns transmitting some signals; this doesn’t sound very appealing from a testing the performance POV

Intel: perhaps we could define some requirements for a test system and then try to build some agreements?

Keysight: this is our intention also
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UE demodulation test

	TDoc
	Title
	Source
	Type

	R4-1705370
	Test method and test scope for NR UE performance
	Ericsson
	discussion

	R4-1705830
	Proposal to base NR demod requirements on variable MCS/rank rather than FRC
	Keysight
	discussion


Summary of proposals in [R4-1705370] -> noted
Proposal 1: Test method

· Below 6GHz is using conducted tests method

· Beyond 6GHz is using OTA

Proposal 2: Prioritize below 6GHz with conducted test method only within limted timeframe in Rel-15. Further consider OTA for beyond 6GHz in future release.
Proposal 3: The first prior taken as the baseline is to focus on basic NR functionality in terms of performance.

· The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE (We could use it in RAN4 as a first test to ensure comparable performance from LTE e.g. 20MHz TM10 performance as a reference)

· The basic NR feature will include new numerology, new bandwidth, etc. as a coverage for the test

Proposal 4: The RAN4 test scope will keep in the same concept for NR for the following 

· UE demod based on DMRS

· FRC on certain SNR/SINR to check TP

· CSI based on CSI-RS
· CQI
· Reported medium CQI in certain range under fixed SNR

· PMI
· Follow PMI is providing enough gain than random PMI

· RI
· Follow rank is providing enough gain than fixed rank

Proposal 5: The new test scope in RAN4 for NR includes the following for below 6GHz

· CQI
· New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance

· Throughput performance with time/frequency estimation by CSI-RS or DMRS

· UL MIMO beam forming from UE side

· Right precoder is used from UE

· MU-MIMO with new channel model, user model to ensure it reflects the new NR MU-MIMO scenarios

Proposal 6: Consider the beam management related tests for beyond 6GHz in future release

· Beam tracking from UE side estimated by CSI-RS

· Initial access with beam selection

· Beam link failure test
· Similar to RLF, but operating only L1/L2

· PRACH
· Right beam estimated from UE side to transmit

· SRS
· Right beam estimated from UE side to transmit

· SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on.  The test may also need to validate that the UE transmits on beams as instructed by SRI.

Summary of proposals in [R4-1705830] -> noted
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· Proposal 1. UE demodulation performance requirements for NR shall be based on the variable MCS/rank principles adopted in 37.901.
4
UE RF test

NOTE: all UE RF testability papers (except the WF) have been handled in the main session. The evening adhoc will focus on generating agreements.
4.1
Baseline MU

	TDoc
	Title
	Source
	Type

	R4-1704766
	WF on NR MU and test tolerance
	CATR, Intel Corporation
	other

	R4-1704667
	On measurement uncertainty elements for UE RF test setup
	Intel Corporation
	discussion

	R4-1704739
	Discussion on Measurement Uncertainty Contributions of OTA Measurements for NR UE
	Anritsu Corporation
	discussion

	R4-1704767
	On MU for UE RF test setup
	CATR
	other

	R4-1705350
	Provisional measurement uncertainty values for UE RF baseline test method
	Keysight Technologies UK Ltd
	other


Summary of WF proposals [R4-1704766]

· Two stage for MU table:
· Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement
· Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.
· The MU budget should comprise of a minimum 5 headings:
· The uncertainty source,
· Uncertainty value,
· Distribution of the probability,
· Divisor based on distribution shape,
· calculated standard uncertainty (based on uncertainty value and divisor).
4.2
Other

	TDoc
	Title
	Source
	Type

	R4-1705394
	Simplification of baseline method for off-axis measurements of beamlocked UEs
	Keysight Technologies UK Ltd
	other

	R4-1705668
	ULA (uniform linear antenna array) minimum FF distance calculation based on main beam width
	Rohde & Schwarz
	discussion

	R4-1705818
	Radiation Patterns and Current Distributions for 5G antenna types at mmWave – Preliminary results
	MVG Industries, Sony Mobile
	discussion

	R4-1705819
	On TRP measurements sampling grid at >6 GHz
	MVG Industries, Sony Mobile
	discussion

	R4-1705741
	On defining the unwanted emissions requirements for mmWave
	Intel Corporation
	discussion
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