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1 Introduction
In [1], a WF on NR RRM was agreed. In this contribution, we provide some high-level views on measurement types in NR.
2 Related agreements in other groups

Below we list some selected RAN1 agreements related to measurements and measurement procedures:
Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

Agreements: 

Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 
Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals
Beam reporting = for UE to report information a property/quality of of beamformed signal(s) based on beam measurement
Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.

Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission

Agreements:
· Study to support various interference management schemes:

· Interference management over different time scales:

· Semi-static/preconfigured interference management

· Dynamic interference management

· Interference management where signals/channels from/to UE(s) is

· Transmitted from/to multiple TRPs

· Transmitted from/to single TRP

· The above study should consider:

· Forward compatibility, e.g., for future introduction of additional interference management schemes (if any)

· Low and high NR frequencies

· Take into account backhaul/fronthaul latency constraints

· Both TDD and FDD

· Both data and control channels

· Interference measurement/reporting

· Taking into account interference management for advanced receivers

· Taking into account various scenarios

· Taking into account beam management, different antenna structures, etc.

3 Measurement types
Mobility is the basic functionality relying on measurements and measurement-based procedures. For NR, two types of mobility have been discussed: cell/TRP-based and beam-based, where a cell, similar to LTE, may also have one or several associated TRPs. This implies the need for:
· Cell-specific measurements,
· TRP-specific measurements,
· Beam-specific measurements.
It is also straightforward that there would be needed, at least for mobility purpose:

· Intra-frequency measurements,

· Inter-frequency measurements,

· Inter-RAT measurements.

Given that NR will also support CA, there would also be a need for:

· CA measurements.

Further, even though supporting extensive beamforming is an important part of NR, one could envision scenarios where non-beamformed measurements are also beneficial. 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. Therefore, we believe that both types of measurements are to be used in NR, and the UE should be capable to perform and report both in parallel:
· Non-beamformed measurements,

· Beamformed measurements (for tx beams and/or rx beams).
Like in LTE, at least in some NR scenarios, to enable accurate comparison in a pair of measurements and accurate absolute measurements, both are likely to be used in NR, but may account also e.g. for beamforming:

· Absolute measurements, 

· Relative measurements (e.g., between cells/TRPs/beams or between different resources).
4 Power-based measurements
Power-based UE measurements are the most classical radio measurements which are likely to be used also in NR. These measurements may be of any type from the classification above and may be used, e.g., at least for: cell and beam mobility, beam managements, interference managements, etc. Examples of the power-based UE measurements are:
· Received signal power (e.g., RSRP-like or CSI-RSRP-like)
· Received signal quality (e.g., RSRQ-like or SINR-like)

· Interference-related measurements (e.g., RSSI-like)

One advantage but also a challenge with the power-based measurements in NR is that they 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.
Another challenge with these types of measurements in NR is the support of multiple numerologies across carriers, cells, or multiplexed in time and/or frequency, which may result in that the measurements of the same type may be not perfectly comparable with each other if based on different numerologies, at least because the measurement performance may be different.
5 Measurement reporting and event reporting

Like in LTE, it is possible in NR that both explicit measurement reporting and also measurement-based event reporting will be supported. However, it is possible that new events will be introduced in NR, e.g., to support beam-based mobility. Furthermore, some measurements can also be reported via L1 (e.g., CSI-like) also in NR.
In either case, the measurements will have to be performed over a certain time period. In NR, due to the support of beam sweeping, the measurement time period would additionally need to depend on the dynamic antenna configuration (e.g., sweeping periodicity). In fact, even the measurement reporting delay may also be impacted by the beam sweeping, if the reporting is delayed until the time with a suitable beam configuration.
6 Summary
Based on the above discussion, we can observe that even some similar measurement types will exist in NR (similar, e.g., to LTE), there is still a need for new measurements in NR as well as the impact of the new features needs to be accounted for even for the classical measurement types.
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