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1
Introduction
The NR work item [1] has stabilized the core requirements for NR UEs, within the scope of the NSA deliverable, in parts 1 and 2 of TS38.101 [2], [3] (for frequency ranges 1 and 2, respectively). In parallel, the testing methodology for the RF, RRM, and demodulation requirements is under development within the study item on test methods [4] and the associated TR38.810 [5].
This contribution provides a number of observations on the topic of quantifying the radiated multi-antenna reception performance of NR UEs and motivates a new study item to define the testing methodologies for NR FR1 and FR2 to address this topic.
2
Discussion

2.1
Situation with radiated requirements for FR1
The underlying assumptions behind all RF, RRM, and demodulation requirements for FR1 in TS38.101-1 are the same as LTE in 36.101:

· The UE antenna response is assumed to be omnidirectional with 0 dBi gain

· The connection between the test equipment and the UE is achieved using cables (conducted methodology)
These assumptions do not quantify the performance of the entire device together with its antennas and expose the same gap in the NR FR1 requirements that was identified as justification for the development of radiated performance requirements for the verification of multi-antenna reception of UEs in LTE [6]. Thus, for the same reasons 3GPP defined MIMO OTA methodology [7] and associated requirements [8] for LTE, these are needed for NR FR1.
2.2
Situation with radiated requirements for FR2

Because the challenge of testing mmWave devices precluded the use of cabled connections between the test equipment and the UE, a radiated methodology has been assumed for all RF, RRM, and demodulation requirements for FR2 in TS38.101-2. We examine the status of the demodulation test scope and methodology in FR2.
During the RAN4 #84bis meeting, the following way forward was approved [9]:
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We have highlighted the key decision point on the scope of the Rel-15 demodulation test methodology development: whether to define a test methodology which verifies UE conformance with “pure” baseband requirements or to define a test methodology which considers an “end-to-end” test in a radiated environment.
We can cite two papers that were discussed in RAN4 #85 (neither was approved) and which are representative of both points of view [10], [11].

In [10] the authors illustrate three usage scenarios within which the UE’s beam steering capability should be tested (i.e. in an end-to-end test):
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In [11] the authors propose focusing the effort on baseband functionality verification:
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Considering that the verification of baseband feature functionality has been the primary goal of demodulation performance requirements in LTE and NR FR1, it is logical to extend this thinking to NR FR2.  Drawing upon the LTE experience, it has been shown that baseband feature functionality cannot be accurately quantified in a radiated test; rather, an end-to-end metric, such as the total radiated MIMO sensitivity (TRMS) can be defined and assigned a limit [8].  Thus, it makes sense to take the same approach in NR FR2, as proposed in [12].
During the RAN4 AH #1801 meeting this topic was discussed at length with the agreements captured in [13]:
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In the RAN4 #86 meeting, the baseline setup for “pure baseband” testing is approved [14] and captured in [15]. The Rel-15 NR FR2 test methodology development is expected to only proceed in the direction of baseband feature functionality verification, while a radiated end-to-end test to verify UE multi-antenna performance in representative propagation environments (together with UE beam forming), as described in [10], are targeted for the scope of the Rel-16 study item motivated by this paper.
2.3
Motivation for a new SI
The Rel-15 work item on NR access technology has defined the core and performance requirements for NR UEs operating in FR1 and FR2, and these requirements are applicable to UEs supporting multiple receiver antennas. There is a need for radiated multi-antenna reception performance requirements in order to verify the MIMO receiver of the UE under conditions more closely resembling the end user’s interaction with the device. The existing requirements in the TS38.101 specifications fall short of addressing this need for the following reasons:

· In FR1 [TS38.101-1] the demodulation requirements are verified in a conducted measurement setup and do not quantify the performance of the entire device together with its antennas

· In FR2 [TS38.101-2] the demodulation requirements are verified in an over-the-air (OTA) setup but are constrained to the baseband reference point of the UE and lack adequate test scenario complexity in terms of the propagation model or expectations on the UE beam forming

A study item to develop the testing methodology which addresses both gaps listed above is needed.
3
Conclusions

It is proposed to create a new RAN4 Rel-16 study item to define the testing methodology for the verification of multi-antenna reception performance of NR UEs in FR1 and FR2 and the associated measurement uncertainty budgets.  It is anticipated that the multi-antenna UE reception testing methodologies for FR1 and FR2 will be different.  The Study Item’s outcome shall be captured in TR38.xyz.
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Demodulation/CSI experts are encouraged to provide view on the NR FR2 UE performance test scope and requirements within the Rel-15 timeframe, e.g.


Expectations from test methodology


Anticipated antenna correlation models for BS and UE (i.e. whether test setup should allow flexible control of correlation)


Anticipated tolerance on SNR


Scenarios


Baseband or end-to-end test


Number of UE Rx ports


Number of MIMO layers


Maximum distance between simultaneously active Rx antenna elements (antenna aperture)


Number of BS TX antennas


Number of cells


Channel models


Impact of UE antenna pattern on channel models


Interference and channel conditions


UE tracking of beam directions


Channel state information reporting


Impact of UE antenna pattern for baseband performance


Whether multiple TX/RX beam modeling is needed for UE demodulation and CSI performance verification


Whether the test method should include TX/RX FR2 RF impairments 


Experts are requested to give their views on UE demodulation requirements necessary to ensure good network performance


Any other expectations





1 User turns to face another direction


In this scenario the user’s UE has a link to the BS formed by a beam pair. The user turns to face another direction, and the UE should adapt its beam direction to the new orientation. The illustration shows a change in Azimuth, and there is a related scenario where the user twists the UE so the angle of elevation changes. 


�





2 User turns a street corner


In this scenario the users turns a street corner, and the strongest link changes from a Line-of-sight path to a Non-line-of sight path from a different direction. The UE should adapt its beam to the new direction. Similar scenarios exist for example in a shopping mall.


�





3 User on a moving train


This scenario is depicted in TS 36.101 Figure B.3A-1. As the user and the UE move past the base stations covering the track, the strongest link comes from a different direction. The UE should adapt its beam to the new direction. Similar scenarios exist when driving down a road.





�


…


Proposal 1: The scenarios described in section 2 are valid inputs to the Test requirements


Proposal 2: The scenarios described in section 2 should be included in the UE Test Coverage


Proposal 3: Test coverage decisions should be taken across the whole set of envisaged test setups


Proposal 4: Testability of Beam steering should be considered now, not delayed to a later stage





NR FR2 UE demodulation and CSI reporting requirements should ensure sufficient functionality coverage. In the ideal case the similar test scope as for LTE (and NR FR1) is anticipated (e.g. PDSCH demodulation, PDCCH demodulation, CSI reporting, etc.).


In case the test time/cost/accuracy are much different comparing to the FR1, RAN4 shall consider to reduce the number of test cases or simplified test methodologies.


…


Proposal 1: The demodulation test methodology should allow to control DL SNR at each RX chain / port with ±X dB accuracy. The test method should allow to differentiate UE implementations with [1dB] SNR difference with sufficient reliability. For example X ≤ [0.5 – 1.0] dB should be considered.


Proposal 2: The demodulation test methodology should consider at least baseband functionality verification. E2E tests are not precluded. It is recommended that the test method experts provide more detailed analysis of possibility to support both approaches in one test setup.


Proposal 3: NR TR 38.901 channel models are supported (e.g. TDL and/or CDL).





Proposals


Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.


Assumes max rank 2 with cross polarized transmission


Rank 2 spatial MIMO would not be included


As a starting point an isotropic UE antenna pattern is assumed


Proposal 2. Methodology for RRM testing in FR2 is further discussed during the SI.


UE reporting requirements for baseband testing


In order to set up a two stream radiated connection to the DUT which does not include the antenna pattern it is necessary to use a cross-polarized point source transmission an then invert the channel matrix to enable independent control of the signals reaching each baseband receiver


To do this requires that the UE supports power measurement reporting per receiver port in a similar way to the RSAP measurement defined in 36.978 for LTE (but not based on CRS)


This UE measurement is sufficient to adopt proposal 1


The relative phase between receivers is not required to calibrate the basic connection


Relative phase is required to enable UE antenna pattern measurement


UE antenna pattern measurement is not required for isotropic antenna pattern emulation








[image: image5.png][Se—

User turns to face another direction




[image: image6.png]Norvine-ofsight _

Line-of sight

User turns a street corner



[image: image7.wmf]0

RRH

0

RRH

1

RRH

2

RRH

3

