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1 Introduction
In this contribution, we further discuss the impact on RRM of the following aspects of NR:
· Support of multiple numerologies

· Extensive usage of advanced beamforming

· Supporting both beamformed and non-beamformed measurements.
2 Discussion
2.1 Multiple Numerologies
In RAN1#85, among the others, the following further agreements were reached on multiple numerologies:
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
With respect to the above RAN1 agreements, we can make at least the following observations:
· Observation 1: Radio measurements based on multiple samples have to be performed selectively, on the resources associated with the same numerology.
· Observation 2: It may be difficult for the UE to perform in parallel the measurements based on different numerologies, especially on asynchronous resources (e.g., asynchronous cells).
· Observation 3: To perform radio measurements on neighbor nodes, the UE needs to know also the numerology used at the neighbor nodes to be measured.
· Observation 4: The absolute measurement time may potentially depend on the numerology.
2.2 Multi-Antenna Schemes
In RAN1#85, the following agreements were made on multi-antenna schemes.
Agreements:
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency

· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches

· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.

· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:

· UE movement, UE rotation, beam blocking:

· Change of beam at TRP, same beam at UE

· Same beam at TRP, change of beam at UE

· Change of beam at TRP, change of beam at UE

· Other cases are not precluded

· Observation 5: The beamforming schemes supported in NR are likely to be not limited to one of analog, digital, or hybrid beamforming; it is therefore desired to have generic requirements applicable to any of the three schemes.
· Observation 6: The set of requirements has to cover single- and multi-beam approaches. 

· Observation 7: The measurement requirements have to account for beam sweeping which may introduce additional delays, e.g., depending on the number of swept beams, beam switching rate or switching periodicity, beam “hold” time during which the beam does not change, etc.
· Observation 8: Power-based measurements are most sensitive to beam forming, since they not only have to be consistently performed on the relevant tx and rx beams but also may suffer from more dynamic interference variation received on other beams, which may have a large impact on RSRQ-like measurements.
2.3 Measurements without Beamforming
In [1], it was proposed that RRM measurement with and without BS and UE beamforming (i.e., using transmission and reception beams) should be investigated. RRM measurements without beamforming have the advantage of being less demanding in the amount of knowledge and processing necessary to perform the measurements, which might be beneficial e.g. when the UE attempts to detect new nodes or is in IDLE state or moving too fast. There may also be scenarios where using beamforming does not bring much performance improvement but contributes to unnecessary overhead, e.g., a UE closely located to the serving BS may also be in good isolation from other nodes interference and have a very good channel quality without beamforming. Yet another advantage of measurements without beamforming is when the measurements are used to create maps, e.g., for pattern matching or fingerprinting based positioning, MDT, SON, etc.

Depending on the measurement procedure and physical layer design, the UE may need to selectively perform either beamformed or non-beamformed measurements or both, e.g., depending on the coverage, which may also impact how the requirements are specified. There may also be a need in both UE and network to be able to differentiate between the measurements with and without beamforming for different purposes.
· Observation 9: Both beamformed and non-beamformed measurements may be needed, and there may be a need for the UE and for the network to be able to differentiate between the measurements with and without beamforming.
· Observation 10: The UE may need to selectively perform either beamformed or non-beamformed measurements or both, e.g., depending on the coverage, which may also impact how the requirements are specified.
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