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1.
Introduction

At RAN4#82bis in Spokane, there was discussion about some of the basic considerations for RRM testing following presentation of R4-1702889 [2]. 
This Tdoc looks at some specific aspects of the UE over-the-air test environment for NR RRM. 

2.
Test system
Although some companies expressed the view that demodulation and RRM testing should use the same test system, in the early stages makes sense to consider what the test needs are, before examining whether they can use the same test system.
RRM Testing is intended to test a specific set of RRM requirements, and in general is orthogonal to demodulation testing. There is no need to duplicate demodulation or RF testing.
· 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
3.
Modelling of fading
Many RRM tests use fading, and as pointed out in R4-1702889 [2] “The use of multipath and fading channels in RRM tests is primarily to verify robustness of the implementation to fading conditions, rather than to recreate in the test an exact condition that has been used in the RAN4 simulation campaign”. This implies that there is no need to emulate different angles of arrival from a single gNB. Anritsu has the same view, and suggests that to avoid unnecessary complication of the test setup for RRM Testing, RAN4 formally endorses Proposal 1 in R4-1702889 [2], reworded for the context of this document:

· Proposal 2: For NR RRM testing fading and multipath can be modelled electronically with channel emulators before transmission on each of the N antennas.
4.
Number of layers
In general, demodulation tests such as multi-layer fading scenarios and sustained data rate tests are used to stress the demodulation capabilities of the UE. There is therefore no need to reproduce such scenarios in RRM, and discussion at RAN4#82bis pointed out that in general E-UTRA RRM testing used a default of 1x2 (single Tx layer) in conducted tests. As the usage of Rx antennas is a choice for UE implementation, RRM testing should use a default of a single transmission layer.
· Proposal 3: As default, emulated gNB sources use single transmission layer for NR RRM testing
5.
Polarisation of signals
R4-1702889 [2] presented at RAN4#82bis opened the topic of polarisation, and also stated that in general the goal of measurements such as RSRP is to provide an average measurement value. If there is a requirement to test how the UE responds to different polarisations, this would be better performed as an RF test targeted at checking whether for example Refsens is met over a range of polarisations.
For RRM, Anritsu’s view is that transmission of equal signal levels from two cross polarised antennas would provide an averaging mechanism, and should be used in RRM testing to avoid test verdicts being dependent on the way a UE reacts to a specific polarisation.
· Proposal 4: NR RRM testing should use two cross polarised antennas for each emulated gNB
6.
Angle of arrival for different gNBs
Annex A of this document contains the summary of RRM requirement types for E-UTRA given in TS 36.133 [1]. For NR, in general the RRM requirements are likely to be of a similar type, the main difference being that the tests will be performed over-the-air.
Many RRM tests involve several cells, but in the conducted test environment used for E-UTRA, there is no modelling of the angle of arrival of beams from the eNBs involved. For example in E-UTRA handover tests, there is no distinction between the scenario when serving and target cells are in opposite directions (such as driving down a straight road) and the scenario when serving and target cells are in similar directions.

This also occurs in the High Speed Train scenario shown in TS 36.101 Figure B.3A-1:
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..and, with less stringent requirements, can also occur in the Low Speed Train scenario:
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To ensure test coverage in realistic scenarios:

· Proposal 5: NR RRM testing should model both scenarios:
· where the beams from different gNBs come from different directions
· where the beams from different gNBs come from similar directions 
7.
Recommendations
RAN4 is asked to endorse the following proposals:

· 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 
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Annex A:
Extract from TS 36.133 [1]
A.2.1
Types of requirements in TS 36.133

A.2.1.1
Time and delay requirements on UE higher layer actions

A very large part of the RRM requirements are delay requirements:

-
In E-UTRAN RRC_IDLE state mobility (clause A.4) there is cell re-selection delay.
-
In E-UTRAN RRC_CONNECTED state mobility (clauses A.5 and A.8) there is handover delay, cell search delay and measurement reporting delay.

-
In RRC Connection Control (clause A.6) there is RRC re-establishment delay.

All have in common that the UE is required to perform an action observable in higher layers (e.g. camp on the correct cell) within a certain time after a specific event (e.g. when a new strong pilot or reference signal appears). The delay time is statistical in nature for several reasons, among others that several of the measurements are performed by the UE in a fading radio environment.

The variations make a strict limit unsuitable for a test. Instead there is a condition set for a correct action by the UE, e.g. that the UE shall camp on the correct cell within X seconds. Then the rate of correct events is observed during repeated tests and a limit is set on the rate of correct events, usually 90% correct events are required. How the limit is applied in the test depends on the confidence required, further detailed are in TS 36.521-3 [23].

A.2.1.2
Measurements of power levels, relative powers and time

A very large number of requirements are on measurements that the UE performs:

-
In E-UTRAN RRC_CONNECTED state mobility (clause A.5) there are measurement reports.
-
In Measurement Performance Requirements (clause A.9) there are requirements for all type of measurements.

The accuracy requirements on measurements are expressed in this specification as a fixed limit (e.g. +/-X dB), but the measurement error will have a distribution that is not easily confined in fixed limits. Assuming a Gaussian distribution of the error, the limits will have to be set at +/-3.29( if the probability of failing a "good DUT" in a single test is to be kept at 0.1%. It is more reasonable to set the limit tighter and test the DUT by counting the rate of measurements that are within the limits, in a way similar to the requirements on delay.

A.2.1.3
Implementation requirements

A few requirements are strict actions the UE should take or capabilities the UE should have, without any allowance for deviations. These requirements are absolute and should be tested as such. Examples are:

-
"Event triggered report rate" in E-UTRAN RRC_CONNECTED state mobility (clauses A.5 and A.8)
-
"Correct behaviour at time-out" in RRC connection control (clause A.6)

A.2.1.4
Physical layer timing requirements

There are requirements on Timing and Signaling Characteristics (clauses A.7). There are both absolute and relative limits on timing accuracy depending upon the type of requirement. Examples are:

-
Initial Transmit Timing (clause A.7.1) has an absolute limit on timing accuracy.
-
Timing Advance (clause A.7.2) has a relative limit on timing accuracy.
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