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1 Introduction 
NR OTA testing discussion in Testability SI ([1]) has progressed regarding RRM ([2], [3]). However, according to [4], baseline measurement set-up for RRM has not been fully defined yet.
In [5], Keysight Technologies presented a proposal based on a simplified sectorized MPAC (SS MPAC) for RRM/demodulation measurement setups for mmWave Range. 
This contribution takes a step back and provides further details on spatial characteristics for each RRM requirement block as well as some considerations to take into account when considering other RATs, carrier aggregation and dual connectivity. 
2 Spatial characteristics of RRM requirements
During RAN4#83, the skeleton of 38.133 was agreed including sections for different RRM requirements block for NR [6]. Following sections analyse the need of spatial characteristics for these RRM requirements blocks. 
2.1 RRC_IDLE State Mobility
A UE should be able to select and re-select a cell received from a different direction. Hence it is understood that RRC_IDLE State Mobility requirements to be defined will exercise such ability, configuring beams for each cell involved in the set-up with a different angle of arrival (AoA) at UE antenna. 

If the same approach as in LTE is used, these requirements will be defined for AWGN static propagation conditions so it wouldn’t be necessary to consider multiple refracted copies of the signal transmitted by the gNB at UE antenna connector from different AoAs.

2.2 RRC_INACTIVE state mobility

As described in TR 38.804 section 5.5.2, a new RRC state has been defined for NR (RRC_INACTIVE). The main differences between RRC_INACTIVE state compared to RRC_IDLE one is that the UE and gNB maintain configurations obtained in RRC_CONNECTED related to e.g. AS context, security, and radio bearers so that after the RA, the UE can resume its old configurations without much delay. Hence same spatial requirements apply as in the case of RRC_IDLE Mobility.
If during the inactivation and activation of the connection, the UE has changed the position, the signal coming from the gNB could be received with a different AoA.
2.3 RRC_CONNECTED State Mobility
When referring to handover requirements, having either origin and target cells being received with same AoA at UE antenna will be a corner case but not the most common one. Hence, it is proposed that RRC_CONNECTED State Mobility requirements also consider a spatial measurement set-up. 
As in the case of RRC_IDLE State Mobility, if the same approach is used as in LTE, static propagation conditions will apply so no need to consider different AoAs for the same beam.
2.4 RRC Connection Mobility Control
In either RRC Re-establishment requirements, the UE should be able to re-establish the connection with a neighbour cell received with an acceptable power level when the power of the serving cells is too low. In real life, the probability of having both cells being received from the same direction is low, hence different AoA should be considered when defining RRC Re-establishment requirements.
In the case of random access test requirements, it seems no spatial characteristics are needed in the measurement set-up as usually only one cell will be involved (except for carrier aggregation cases and NSA – refer to section 3).
When talking about redirection to a different RAT, spatial characteristics don’t play a key role on the requirements.
2.5 Timing
In terms of UE transmit accuracy or UE timing advance adjustment accuracy requirements, no spatial characteristics are required.
Regarding UE timer accuracy, cell phase synchronization accuracy, maximum transmission timing difference and maximum receive timing difference, they are for FFS.
2.6 Signalling characteristics

When considering radio link monitoring requirements, the SNR level depends on the UE Rx antenna gain at the UE. These requirements are typically defined for only one cell (except in the case of DC)
Hence requirements should be defined considering more than one AoA, although not simultaneously exercised. In the case of DC, as described in 3, different directions for each cell is the most realistic case.
Interruption requirements are also related to DC so again multiple AoA will be necessary.

2.7 UE Measurements Procedures
In case of event triggered reporting requirements, as UE measurements are used, they depend on UE Rx antenna gain so the requirement should consider different AoA. Additionally, neighbour cells are used and the most realistic case is when these neighbour cells are received at the UE antenna with a different AoA from the active cell. 
2.8 Measurement Performance Requirements
Regarding measurement performance requirements, RSRP and RSRQ will be heavily impacted by UE Rx antenna gains. As several cells are typically involved in the measurement set-ups for these requirements, different directions should be considered for each cell so the UE performance is ensured in a real network.

3 Other considerations

In terms on other RATs, even when not at mmWave frequencies, the connection to the UE must be radiated to avoid the impact of the cabling on radiated NR measurements otherwise. 
Regarding carrier aggregation in NR, it seems reasonable considering all components coming from same AoA, especially in the case of intra-band contiguous.

In case dual connectivity is exercised within NR, the most realistic case is considering each independent cell being received by the UE from different directions. 

In the NSA case, the same as dual connectivity within NR applies.

4 Proposal
In order to allow the testing of all RRM requirements, it is proposed that RRM baseline measurement set-up is based on a multi-probe solution so spatial characteristics as listed above can be tested.
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