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1. Introduction
In the last RAN4 meetings, several aspects of the RRM measurement baseline systems were introduced and discussed. However the discussions were conducted with the scope to conclude to system types which support all possible scenarios and requirements, while these are not yet defined. As such the baseline system discussion ended up to be a requirement discussion, which is not reponsability of testability SI and as such ended mostly without conclusion. 
The goal of this paper is to analyze the different capabilities needed to be supported by the RRM baseline system, achieve a common understanding and then propose accordingly RRM baseline systems based on the required capabilities without mandating specific TE implementations.
2. Discussion

2.1 Baseline system aspects and capabilities
The main challenge, which OTA testing for mmw introduces, is the OTA chamber and fuctional capabilities inside of it, in terms of signals transmitted, received and measured. In the following the complexity and capability aspects are analyzed briefly one by one.
· Far field (FF), Quiet Zone (QZ), Measurement Uncertainties (MU)
Far field ensures the beam-shape of the signals – similar to reality – and is required for beam related and accurate power measurement and reproducubility of the test results. FF requires large distance between the antennas and the DUT in a direct far field system (DFF), which depends on the QZ size and quality required (MU). We think the most critical FF related measururement are the RF measurements, as such: 
Proposal 1: The FF-QZ-MU configuration agreed and applicable for RF, can be reused for RRM in case when accurate and absolute power measurement are relevant for the requirement. Otherwise, simplifications can be considered. 
· Number of NR TRxPs

In our understanding the TRxP in this context means “beam-transmitter”, while each of physical atennas in the OTA chamnber may transmit MIMO signals of more than one beam / TRxPs. As such the number of TRxPs from different spatial directions has rather direct implications in terms of antennas and spatial directions in the OTA chamber. For RRM it has been already agreed to have up to 2 TRxPs. Thus:
Proposal 2: For RRM purposes 2 TRxPs are supported in the baseline system, from same or/and different spatial directions. 
· Polarization and MIMO

For RRM purposes MIMO transmission is important mainly for decoding of PDCCH for radio monitoring link purposes. Most probably this control channel will be transmitted from the same TRxP, as such Polarization Diversity seems the most feasible scheme for the first requirements. Even in this case the focus is the robustness of the channel rather than the number of layers. Thus 
Proposal 3: When MIMO is required for RRM, 2x2 polarization diversity is assumed. This requires dual polarized antennas in the OTA chamber.
· Link Beam steering
In our understanding, beam steering means classically mainteining the link to the same beam as the UE moves, still before the UE needs to perform a beam switching/reselection. In such case from the perspective of BS it might be unfeasible to steer the beam, since the number of beams is limited and the beam is more assigned to a space “portion” where several UEs are provided with service, which do not have the same movement behavior. As such rather UE beam steering is implied. A classical case herefor is the user turning the head. In most of such cases only the angle between the DUT and all TRxPs changes, while the relative angle between TRxPs remain (almost) constant. Thus:
Proposal 4: Link Beam steering (UE follows) dynamic can be realised in the OTA chamber by changing gradually the UE / all TRxPs angle using a two axes positioning system. Metric to the same needs to be decided.
· Measurement Beam steering
In this case the UE rapidly steers the beam between several TRxPs in different spatial directions to measure them using measuremen gap. Thus:
Proposal 5: Measurement beam steering functionality does not introduce any complexity to the OTA chamber, but just restricts the application of beam-lock fuction.

· Dynamic channel geometry

In our understanding, dynamic geometry means the changing spatial directions of emulated signals in the OTA chamber during the test. This represents the case of long / fast UE movements when the UE experiences changing visibility of different beams, which leads to beam switching / reselection. Since in such cases the relative agular relationship between the TRxPs changes, these scenarios can be emulated by moving / swichting antennas in the OTA chamber. Refering back to LTE, such dynamic scenarios were described by switching the relative power levels between cells over different time intervals. This power switch introduced in fact a more difficult requirement than in reality, but was a good compromise for a simple simulation and test metric. Following the same logic for mmW OTA. Such:
Proposal 6: Dynamic channel geometry can be emulated by enabling in the OTA chamber a set of defined spatial angular relationship between the TRxPs, which can be switched during the test.
· Propagation channel model

TR 38.901 defines two types of fading channel models: CDL and TDL. When the focus is the baseband performance of the DUT, TDL models are sufficient, while if real antenna performance shall be considered, CDL models are more appropriate. 
Focus on baseband performance means that the antenna performance is considered as known in form of a reference antenna, which in the most general case is an isotropic antenna. In this case the CDL channel can be transformed into a TDL equivalent without further measurements. (In reality, the UE will apply spatial filtering through the real antenna and see a simpler TDL channel in BB compared to the isotropic assumption. In case of a non-isotrpoic referece antenna, the TDL complexity depends on the comperison between the reference and the real antenna.)
If real antenna performance needs to be considered, CDL can also be transformed in a TDL, if the antenna pattern can be measured in advance and it doesn’t change during the test. Seems that the only case when real spatial emulation of CDL is required, is for real antenna performance consideration, when the antenna pattern changes during the test. 

For RRM atenna pattern changes is expected in case of Beam steering or/and Dynamic geometry, but the need of a complex CDL channel is here questionable, since for RRM the focus is the selection of the right TRxP in its main direction, rather than the receiver performance in fading conditions. Please note that even for Demod the performance for Rel15 will be tested as baseband with isotrpic antenna, so TDL models are applicable. Thus if if required for RRM, then: 
Proposal 7: Fading channel propagation conditions are modeled as TDL (Tapped Delay Line), or the TDL equivalent of CDL (Cluster Delay Line) in case of assumed reference antenna or measured antenna pattern.
· Number of simultaneous active spatial directions
In terms of complexity, the number of simultaneous active (emulating signal) spatial directions to be provided within the chamber is the most important key aspect. This is directly related to the number of TRxPs and the method of emulating the propagation conditions. Since it is directly related to the number of signal / channel emmulator providing the signal, it should be kept to the minimal required, for the given test purposes. In case of beam steering or/and dynamic geometry the set of active directions will change, assuming the provision of positioning systems, but how this is exactly done should be left to TE implementation, as it is not relevant for the requirements.
Proposal 8: Number of simultaneous active spatial directions should be kept to the minimum required for the test purpose, considering the number of TRxPs from different direction and the channel model.
· Distribution of active spatial directions to be tested

The distribution of the spatial directions affects the size of the chamber and the number of antennas and positioning systems. From a pure geometrical perspective, the full spherical distributions of antennas with a dense spatial grid would be desired. However this is not feasible for conformance test purpuses, neither in terms of system complexity and costs, nor for defining and concluding to agreeable minimum requirements. In order to allow a realistic system desing, as well as guide to a metric to be used for simulation assumptions and requirement, we think a set of spatial directions to be supported by the test system should be defined. Given the provision of different positioning systems within the chamber, the absolute position definition of the spatial directions is not required. The set can be defined using as metric the relative angular relationship between simultaneously active probes to be provided. How this capability is provided should be left to TE implementation, as it is not relevant for the requirements. 
Proposal 9: Distribution of spatial directions which the baseline system shall be capable to provide, can be given as a set of relative angular relationship between simultaneously active spatial directions. 
Based on the variety of the above capabilities, it is proposed to: 
Proposal 10: Define RRM baseline system based on capabilities it needs to support, without mandating a specific implementation.

Since different capabilities are required for different requirement, while they impact a significantly the design of the system (as explained in the following clauses), it is proposed to:
Proposal 11: Define respectively baseline systems for Single Probe and Multi Probe RRM Performance.

2.2 Single Probe RRM Baseline System

For RRM requirements which are based on accurate and absolute power measurement, the FF-QZ-MU configuration is very important. Such requirement are mostly defined using REFSENS as side condition assumption, which is tested as part of RF. Thus as per Proposal 1 it makes sense to reuse the definition of RF baseline system as much as possible for such testing. The RF baseline system is mainly a single direction system i.e. it emulates during the test only signals from one spatial direction to the DUT. Certainly additional capabilities should be added to this system for RRM purposes, but it is hardly feasible to ensure the same FF-QZ-MU configuration for simultaneous signals from multiple directions. This would require new investigations at least. 
Given this, it is proposed to define a Single Probe RRM Performance baseline system, which is based on the RF baseline system, and the focus of which are requirements based on accurate and absolute power measurements. The Single Probe RRM Performance Baseline System shares many aspects in common with RF baseline system and shall support following specific capabilities (Clarifications, not part of proposal in blue font):
· TRxPs and Cells: 
· Up to 2 (two) NR transmission reception points TRxPs from same AoAs are emulated. 
( As per Proposal 2
( One spatial direction does not prevent transmission of mutiple beams with different beam-IDs, which can be measured separately by the DUT. 
( Acurate power measurement criterias used for mobility requirements.
· For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 (one) 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, polarization:

· At least 1 (one) dual-polarized antenna transmitting the signals from the emulated gNB sources to the DUT.
( As per Proposal 3 

( Additional measurement antenna (as for off-beam measurement antenna in RF baseline system) not excluded.

· The antenna transmits into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level. 
· Multiple DL transmission antenna ports:
· In case of multiple DL transmission antenna ports are required for Single Probe RRM Performance testing, the transmission scheme is Polarization Diversity.
( As per Proposal 3 

( Dual-polarization antennas enable Polarization Diversity.
· Far-field criteria:
· Same as described in 5.2.1.3.
( As per Proposal 1 

( Same far-field criteria as the RF baseline system.
( Given such distance (conversion) is applied to one single direction, the size of the chamber remains managable.  
· Measurement Uncertainty: 
· The measurement uncertainty budget are the same as for the refered setup defined in 5.2.1.
( As per Proposal 1 

( Same uncertainties as the RF baseline system.
( This ensures accurate and absolute power measurements. 
· Fading Propagation Conditions:

· Fading propagation conditions between the DUT and the emulated gNB sources are modeled as (equivalent) Tapped Delay Line (TDL).
( As per Proposal 7 

( One direction suitable for AWGN and TDL. 
( In case of assumed reference antenna (e.g. isotropic), any CDL can be converted to an equivalent TDL model and beam steering and dynamic geometry still testable with fading. 
( In case of measured antenna pattern, any CDL can be converted to an equivalent TDL model, but no beam steering and no dynamic geometry with fading testable. 
· Angular Relationship:

· A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the antenna (or the setup should provide equivalent functionality).
( As per Proposal 4 

( Ensures capability for testing different absolute spatial directions.
( Ensures capability for testing link beam steering
( Positioning system realisation (moving UE / anntennas / both) is up to TE implementation.
2.3 Multi Probe RRM Baseline System
For multi directional RRM scenarios, when the DUT sees many beams from different directions, it is difficult to preserve the FF-QZ-MU configuration as per the RF baseline system. First the far-field distance (or NF(FF coversion) would apply to multiple direction at the same time, which might lead to unmanagable chamber sizes. On the other hand, multiple directions might be addressed by the DUT with different antennas, so that RF baseline system assumptions are not valid and FF-QZ-MU configuration needs further investigation. Most probably similar FF-QZ-MU configuration can be achieved only with significantly additional effort. As long as  this effort is not feasible and clarified, uncertienties are bigger and a Multi Probe system is not very suitable for accurate power measurement requirement.
Given this, it is proposed to define a Multi Probe RRM Performance baseline system, which is focused on requirements related to spatial relationship between signals / beams, and not much on (abolute) accurate power measurements. The Multi Probe RRM Performance baseline system shares many similarities with the Singe-Direction RRM Performance baseline system and shall support following capabilities (Clarifications, not part of proposal, similar/different to Single Probe in blue/red font):
· TRxPs and Cells:

· Up to 2 (two) NR transmission reception points TRxPs from different AoAs are emulated. 

( As per Proposal 2
( Different beams with different beam-IDs from different spatial directions, which can be measured separately by the DUT. 
( Mobility requirements focused on measurement on different spatial directions. 
· For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 (one) 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, polarization, simultaneous active AoAs:

· N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.

( As per Proposal 2
· The antenna transmits into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level. 

· N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of total simultaneously emulated AoAs.

( As per Proposal 8
( Depends on the number of TRxPs and the methods of emulating the propagation condition.

· For the purposes of Rel-15 testing, NMAX_AoAs = 2

( As per Proposal 2, 7, 8
( Number proposed assuming 2 TRxPs with AWGN or TDL propagation condition.

( Number 2 allowes tha DUT and the 2 active probes are always on a plane allowing for a convenient shape of the OTA chamber 
 
· Multiple DL transmission antenna ports: 

· In case of multiple DL transmission antenna ports are required for Single Probe RRM Performance testing, the transmission scheme is Polarization Diversity.
( Dual-polarization antennas enable Polarization Diversity
· Far-field criteria: 
· Clause content is FFS.
( In case FF is required, then the FF distance (NF(FF conversion) is applied to multiple spatial directions at the same time, which leads to big  chamber sizes. 
( Size of the chamber can still be managable if the spatial distribution of active probes is kept within a reasonable range. 
· Measurement Uncertainty: 
· It is likely that the measurement uncertainty budget for the Multi Probe RRM Performance setup may contain additional measurement uncertainty elements relative to the setup defined in 6.2.1.
( Since multiple directions might be addressed by the DUT with different antennas, the  FF-QZ-MU configuration not similar to RF baseline system and needs further investigation. 
( Uncertienties are bigger and system is not very suitable for very accurate power measurements.
· Fading Propagation Conditions:

· Fading propagation conditions between the DUT and the emulated gNB sources are modeled as (equivalent) Tapped Delay Line (TDL).
( As per Proposal 7 

(  Limited number of directions suitable for AWGN and TDL, but not direct CDL.
( In case of assumed reference antenna (e.g. isotropic), any CDL can be converted to an equivalent TDL model and beam steering and dynamic geometry still testable with fading. 
( In case of measured antenna pattern, any CDL can be converted to an equivalent TDL model, but no beam steering and no dynamic geometry with fading testable. 
· Angular Relationship:

· A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the antenna (or the setup should provide equivalent functionality).
( As per Proposal 4 

( Ensures capability for testing different absolute spatial directions.
( Ensures capability for testing beam steering for maintaining the link as above
( Positioning system realisation (moving UE / anntennas / both) is up to TE implementation.
· The setup shall enable following relative angular relationship between the NMAX_AoAs emulated AoAs: 30°, 45°, 60°, 75°, 90° and 135°.
( As per Proposal 9 

( Considers a grid of 15° from the range 30°-90°

( Finer grid not required due to finite UE beamwidth and emulation of only TDL models.

( Considers a max relative angular relationship of 135° between probes for extreme cases. 180° is probably not feasible for a classical handset user (hand/head inbetween), relative user-BS-s locations (would be in the same plane) and would significantly increase the chamber size.

( NMAX_AoAs, the proposed values and the provision of positioning systems, allowes for a minimization of number of antennas to cover the proposed set.
3. Conclusion
This paper analysis the different capabilities required for testing the NR RRM performance in FR2, and proposes the definition of two RRM Performance baseline systems. The proposals of this paper are summarized in the following:

Proposal 1: The FF-QZ-MU configuration agreed and applicable for RF, can be reused for RRM in case when accurate and absolute power measurement are relevant for the requirement. Otherwise, simplifications can be considered. 

Proposal 2: For RRM purposes 2 TRxPs are supported in the baseline system, from same or/and different spatial directions. 
Proposal 3: When MIMO is required for RRM, 2x2 polarization diversity is assumed. This requires dual polarized antennas in the OTA chamber.

Proposal 4: Link Beam steering (UE follows) dynamic can be realised in the OTA chamber by changing gradually the UE / all TRxPs angle using a two axes positioning system. Metric to the same needs to be decided.
Proposal 5: Measurement beam steering functionality does not introduce any complexity to the OTA chamber, but just restricts the application of beam-lock fuction.

Proposal 6: Dynamic channel geometry can be emmulated by enabling in the OTA chamber a set of defined spatial angular relationship between the TRxPs, which can be switched during the test.
Proposal 7: Fading channel propagation conditions are modeled as TDL (Tapped Delay Line), or the TDL equivalent of CDL (Cluster Delay Line) in case of assumed reference antenna or measured antenna pattern.
Proposal 8: Number of simultaneous active spatial directions should be kept to the minimum required for the test purpose, considering the number of TRxPs from different direction and the channel model.
Proposal 9: Distribution of spatial directions which the baseline system shall be capable to provide, can be given as a set of relative angular relationship between simultaneously active spatial directions. 
Proposal 10: Define RRM baseline systems based on capabilities they need to address and support, without mandating a specific implementation.

Proposal 11: Define respectively baseline systems for Single Probe and Multi Probe RRM Performance.

A TP defining RRM Performance baseline systems following the rational and the proposals in this this paper has been proposed in [1].
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