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1.
Introduction

At the RAN4 NR Adhoc in San Diego, a number of contributions in [1] [2] and [3] considered requirements for the NR UE measurement capability. For FR2 this involves consideration of beams from serving and neighbour cells, which will have different angles of arrival (AoA). 
As the RRM core requirements emerge, the testability aspects should be reviewed in parallel, to ensure that the proposed RRM baseline test system defined in TR 38.810 [4] will be able to test the core requirements. This Tdoc reviews the current status, and includes a text proposal to update the RRM baseline.
We also note that a Way Forward on NR FR2 demodulation testing R4-1801288 [5] was agreed at the RAN4 NR Adhoc in San Diego. In this baseline RAN4 agreed to adopt “pure baseband” testing methodology for demodulation performance testing in FR2. In effect spatial testing is no longer included in demodulation test, so adequate coverage as part of RRM test is essential to ensure the UE will perform in real life scenarios.

2.
Current text in TR 38.810
An extract from the RRM Baseline setup currently in TR 38.810 v1.0.1 [4] is given below: 
6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.

<Editor’s note: diagram TBD>

Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shares all aspects in common with the UE RF setup defined in 5.2.1 and includes the following aspects in addition:

TRxPs and Cells:

-
Up to 2 NR transmission reception points TRxPs are emulated.
- 
For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 LTE cell. The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT.

Antennas:

- 
N sets of antennas transmitting the signals from the emulated gNB sources to the DUT.

- 
N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of total simultaneously emulated angles of arrival considering the modeled propagation conditions. Here “angle of arrival” refers to the arrival direction of the signals physically emulated in the chamber as result of the method used for channel emulation (and not directly to the same terminology used for clusters and sub-paths specified in CDL model of TR 38.901).

Angular Relationship:

- 
A positioning system such that 1 antenna provides for an angular relationship with the DUT with two axes of freedom that is independently controllable (or the setup should provide equivalent functionality).
We make the following observations on the text shown with yellow highlight in the extract above:
· Observation 1: The diagram is missing, making it hard to envisage a physical realisation
· Observation 2: The RRM baseline measurement setup refers back to the UE RF setup, which makes it hard to deduce some of the key points, as explained in observation 5
· Observation 3: From the emerging requirements in [1] [2] and [3], 2 NR transmission reception points TRxPs may not be enough
· Observation 4: The value of NMAX_AoA is not clear, nor is its status: is it defined, or FFS?

· Observation 5: For the positioning system/angular relationship statement “1 antenna provides for an angular relationship with the DUT with two axes of freedom that is independently controllable”, it is not clear whether one TRxP has this requirement (the 1 TRxP in the RF setup?) or whether the additional TRxP2 has this requirement as well. Do both TRxP1 and TRxP2 both have independent angular relationships with the DUT, each with two axes of freedom?
Anritsu’s view on ways to address these observations are provided in section 3, after also considering the emerging RRM core requirements.

3.
Emerging RRM core requirements
The simplest way to illustrate the emerging RRM core requirements is to extract the diagrams given by Samsung in R4-1800199 [1] and by NTT Docomo in R4-1800563 [2]:
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Figure 1: Diagram from R4-1800199 
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Figure 2: Diagram from R4-1800563
It seems clear that for the core requirements, the number of angles of arrival that a UE must handle will be >2. Figure 1 illustrates that the time to detect neighbour cells depends on the number of AoA, and that such scenarios will stress the UE’s Rx beam steering capability (a similar point is made by Qualcomm in R4-1801288). A tradeoff can be made between test complexity and test coverage, but at present it is not clear that NMAX_AoA =2 would provide adequate test coverage.
It is also evident that in real life, beams will have a wide range of AoA, and that the orientation of the UE can vary, since it is set by the user. The location of the TRxPs relative to each other is however fixed. For test purposes, this can be simulated by an environment where the AoA of the serving cell is variable, but the angular relation between the serving cell and the neighbour cells remains constant.

· Proposal 3: The number of TRxPs emulated by the RRM Test setup should be FFS, and [>2]

· Proposal 4: The number of NMAX_AoA emulated by the RRM Test setup should be FFS, and [>2]  

· Proposal 5a: TRxP1 should have an angular relationship with the DUT with two axes of freedom 
· Proposal 5b: For TRxP2.. TRxPn aim to define a fixed subset of angles relative to TRxP1 to give adequate RRM test coverage (this relates to, but is not the same as, NMAX_AoA)    
In terms of TR 38.810, Anritsu recommends that the RRM baseline is defined independently of the RF baseline, and includes its own setup diagram.
· Proposal 1: Add an RRM baseline setup diagram in TR 38.810, with adequate flexibility to test the emerging RRM Core requirements, making clear what is known and what is [FFS]
· Proposal 2: Define the RRM baseline measurement setup independently of the UE RF setup  

4.
Way Forward

The proposals are implemented in the text proposal below.
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<< Start of text proposal >>
6
UE RRM testing methodology

6.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of RRM tests for UE can only be determined once the core requirements are settled.

For frequency bands above 6GHz (eg mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR RRM testability. 
The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc, and the algorithms which control such components from the test.

Further details of a suitable OTA test environment are to be discussed in the work item, and may have impact to the core requirements which are defined. For example, side conditions for the applicability of core requirements should be defined in a way in which they can be ensured in an OTA environment.

6.2
Measurement setup

6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The key aspects of the baseline setup are:

-
Far-field measurement system in an anechoic chamber

-
The criterion for determining the far-field distance is described in 7.2.1.3
-
Up to NMAX_AoA transmission reception points TRxPs are emulated. 
-
The value NMAX_AoA is FFS, but NMAX_AoA ≥2
-
NMAX_AoA is the maximum number of total simultaneously emulated angles of arrival considering the modeled propagation conditions. Here “angle of arrival” refers to the arrival direction of the signals physically emulated in the chamber as result of the method used for channel emulation (and not directly to the same terminology used for clusters and sub-paths specified in CDL model of TR 38.901).
-
Each TRxP is routed to one of the set of dual-polarized measurement antennas
-
A positioning system such that the angle between TRxP1 measurement antenna and the DUT has at least two axes of freedom
-
A set of M dual-polarized measurement antennas in defined angular positions relative to TRxP1
-
The value M is FFS, but M > NMAX_AoA
-
The angular positions of the M dual-polarized measurement antennas are FFS
-
The M dual-polarized measurement antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level
-
Each dual-polarized measurement antenna is directed at the DUT
-
For setups intended for RRM measurements in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT (not shown in Figure 6.2.1.1-1)
-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control











Multiple DL transmission antenna ports: 

- 
In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is FFS.
Measurement Uncertainty: 

-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 5.2.1.

Fading Propagation Conditions:

-
The simplified channel how to model fading propagation conditions between the DUT and the emulated gNB sources is FFS.

6.2.1.2
Parameter mapping to RRM requirements

<Editor’s note: clause content is FFS>

6.2.1.3
Far-field criteria

<Editor’s note: clause content is FFS>

6.2.1.4
Testing and calibration aspects

6.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE RRM test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>

<< End of text proposal >>
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